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a TV/rff.NDMRNTS TO fiPETIFICATlON 

Please replace the Examples section beginning on page 371 , line 5 of the substitute 
specification, with the following amended Examples section: 

- Examples 

Description of the Preferred Embodiments 

Example 1 - Method Of Identifying The Novel BMY.HPP Human Phosphatases Of The 
Present Invention. 

Polynucleotide sequences encoding the novel BMYJHPP phosphoprotein phosphatases of 
the present invention were identified by a combination of the following methods: 

Homology-based searches using the TBLASTN program [Altschul, 1997] to compare known 
phosphoprotein phosphatases with human genomic (gDNA) and EST sequences. EST or gDNA 
sequences having significant homology to one or more of the known phosphatases listed in Table IB 
(expect score less than or equal to 1x10°) were retained for further analysis. 

Hidden Markov Model (HMM) searches using PFAM motifs (listed in Table IV) [Bateman, 
2000 #9; Sonnhammer, 1997] were used to search human genomic sequence using the Genewise 
program. EST or gDNA sequences having a significant score (greater than or equal to 10) with any 
of the following motifs were retained for further analysis. 

HMM searches using PFAM motifs (listed in Table IV) were used to search predicted protem 
sequences identified by GENSCAN analysis of human genomic sequence [Burge, 1997 #10]. gDNA 
sequences having a significant score (greater than or equal to 10) with any of the following motifs 
were retained for further analysis. 

Table IV; PFAM motifs used to identify phosphoprotein phosphatases 



Motif Name 1 PFAM Accession No 



DSPc 



ST_phosphatase^ 



Y phosphatase 



PF00782 



PF00149 



PF00102 



Description 



Dual specificity phosphatase, catalytic 



domain 



Ser/Thr protein phosphatase 



Protein-tyrosine phosphatase 



Once a bacterial artificial chromosomes (Backs) encoding a novel phosphoprotein 
phosphatase was identified by any one of the methods above, additional potential axons were 
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using GENSCAN. The predicted protein sequence were used to men y 
The Incyto clone sequence W as «d » desi*s ohgonucl^dee (o 
alternatively spliced product of the same gene. 

M 2 . Coning of *e Novel Human BMV.HPP Phones Of P^»»- 
heBMY-HPP genes of fhep—venrion,^^ 

could be designed (the sequences of these oligos are provded . Table VI). These ohgos 
usedtoisulalecDNAclonesaccoidmgtoaefoUov^procedwe-. 

, f a mixture of single-stranded covalently closed circular cDN A 
ruicroliters (six oucmgrams) of a mntture of mi Rockville , Maryland, or 

a 0.5 ml PCR tube. The cDNA libraries used for speofic BMY_Hrr g 
,he results of the expression patterns as described herein. 

The mixture is heated in ethereal cycler to 95" Cfb^mins. 
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lmM EDTA, P H 8.0 and adding .25 micros of SUepravidin magn«ic beads. This solution is 
^ L are separate* ^ the solution wire a mag*, and «. beads washed three rr.es . 

The single stranded cDNAs ore released from the biotiniyare f 
bead compie* b y adding 50 — rs of O.l N NaOH and incubating a, room remperabire for 10 



mins 



The cDNAs are precipitamd by adding si, microH,e« of 3 M Sodium Acemte . 5 mtcregrams 
„fglvcogenandl20BicrolitersoflOO%ethanolfoUo»e4byeen a ifoga n on. 

1 cDNAs are responded in .2 — rs of TE (10 mM Tns-HCl. pH 8.0). ImM 

by mixing 5 microiiters of d. capmred DNA wire 1.5 re— of a standi SP6 pnme 
JoreZna . a sequent on rbe cDNA eloning vector) a. .0 re— eoneenfrab« and U 
vnomuiwgs i seconds then ramped down to 

microliters of 10 X PCR buffer. The mixture is healed to 95 C for 20 seconds, th amp 

wattr , and 0.25 miners o, Tao. polymerase). The soiullon is ramped bacR lo 73" C and .ncubafcd 
The repaired DNA was precipe as describe above and responded in 10 microiiters of 

Two microliters of doubled cDNA are used .0 transform E. co.i DH12S ceils by 

electroporarion. ^ ^ 

The resulting colonies are screened by PCR, using a pnmei F 
propeicDNAsCprimeraevetces.aspK.videdinTab.eVI.maybensed). 

Those CDNA Cones ft* are positive by PCR are then assessed lo derermme to inserts^ 
Two Cones for each BMY.HPP gene am chosen for DNA seducing using standard melhods 
known in the art and described herein. ^wntide 
Tfre pmynucleotid*) of the present invenUon. me polynodeohde enduing die polyPepUde 
ott be present inventton, or me poiypeptide encodedby die deposhed Cone ^ « 
fccomp.ee versions of the compiete coding region (i.e., fuU-length gene,. Severe! methods are 
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A ft^v or 3' non-coding and/or coding portions of a gene 

not be construed as hnuutig the «f ° ,ttl k simUat „ idento a » 5: and 3' 

u ffase steo The phosphatase should then be inactivateo an« 

hgase step^ P P ^ ^ y en<Js of BieB|engBr RNAs. 

pyrophosphatase in order to -move the p ^ RNA which can then be 

This reaction leaves a 5' phosphate group at the 5 end ot me p 
Ugatedtoa^Acflgonuc^ 

This modified RNA preparation is used as a template for ttrst suan 

1 .til The first strand synthesis reaction is used as a template for PCR 
gene specific oligonucleotide. The first strana yn oligwU clcotide and a 

amplification of the desircdS' end using a primer specific ,o ^^^J „ to 

•re f „ known sequence of the gene of interest The resultant pi 
prm er specie t0 ^ ^° W ° ^ e5 . en4sequmce Wongs to tbedesired gene. Moreover. 
^onced^ana^toconto^eS , ^ rf ^ 

it may he advance.™ to «u» the RACE , ^ 

additiona. 5' or V coding or non-ooding seduces Venous °P 
p^arekno^in^^fltuul^^^^ 8 ™™^"^ 

An alternative method for carrying ^ ^ et^^^Proc Natl.Acad.Sci.USA, 85'.8998-90O2 
coding sequences is provided hy « * ™ ^ „ ^ *e 

(1988). Briefly, a cDNA clone missing either the 5 or t 
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* , h*« pairs extending to the translation* start or stop codon, respectively. In some cases, 
absent base pairs extending w describes a modification of this 

mAc flre missing the start of translation. The following briefly describes a mo 
cDNAs are missing me ascribed with Superscript H 

original 5' RACE procedure. Poly A + or total RNAs reve 
.Gibco/BRL) and an antisense or I complementary primer specific to the cDNA q 
(Gibco/BRL) an CoDCentl - a tor (Amicon). The first-strand cDNA 

primer is removed from the reaction wim a mi T . ^ m anchor 

. with dATp aDd terminal deoxynucleotide transferase (Gibco/BRL). Thus, an an 

containing three adjacent S1KS (XhoD Sad and Otf) at 

■ ■ ,w .estriction sites This double-stranded cDNA is PCK amplified for 40 cyeles vnm me 

p™ kit fPromeea), restriction digested with Xhol or Sail, ana iignw y 

Z ptasl to identify the corree. prodding inserts. Corrao. 5 nds era 

ZZt by cmpafing Ons „ with to pub^y identic — - 

the pardai cDNA clone. Similar methods known in Ore art and/or commemta! U. are nsed 

m etoda to tose above are suppUed in It ft» *>* Gibco/BFL for »f - 

Ivory of Ml lenglh genea. A second kit is available from Clontecb which rs . 

:L Lbn^e, SUC (S^ded Ugadoo to singU-sbanded cDNA) deve.op* 1 * D~ et 

a Nudeic Acids Res., 19:5227-320991). The major differences in precede are .be, to RNA* 
al.. Nucleic ftci» a restricoon ate- 

alkalioe hydrolyzed after reverse transcription and RNA ugase is 

.onrainiug anchor primer ,0 to firat-strand cDNA Tbis obviafcs to necessity for to dA tatog 
■eactionwhichresultsinapolyTattetcbmatisdiffioultto^quencepast. 

.• „ f „r V cDNA from RNA is to use cDNA hbrary double 
An alternative to generating 5 or 3 cdna irom im 

strantoi DNA. An amebic PCR-ampbfied cDNA strand is £T 

antisense cDNA-specific primer and a plasmid-anehored primer, these primers are removed and 
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symmetric PCR reaction is performed with a nested cDNA-specific antisense primer and the 
plasmid-anchored primer. 

RNA Ligase Protocol For Generating The 5' or 3' End Sequences To Obtain FuU Length Genes 
Once a gene of interest is identified, several methods are available for the identification of the 5" or 3' 
portions of the gene which may not be present in the original cDNA plasmid. These methods 
include, but are not limited to, filter probing, clone enrichment using specific probes and protocols 
similar and identical to 5' and 3RACE. While the full-length gene may be present in the library and 
can be identified by probing, a useful method for generating the 5' or 3' end is to use the existing 
sequence information from the original cDNA to generate the missing information. A method similar 
to 5HACE is available for generating the missing 5' end of a desired full-length gene. (This method 
was published by Fromont-Racine et iL, Nucleic Acids Res., 21(7): 1683-1684 (1993)). Briefly, a 
specific RNA oligonucleotide is ligated to the 5' ends of a population of RNA presumably 30 
containing full-length gene RNA transcript and a primer set containing a primer specific to the 
ligated RNA oligonucleotide and a primer specific to a known sequence of the gene of interest, is 
used to PCR amplify the 5' portion of the desired full length gene which may then be sequenced and 
used to generate the full length gene. This method starts with total RNA isolated from the desired 
source, poly A RNA may be used but is not a prerequisite for this procedure. The RNA preparation 
may then be treated with phosphatase if necessary to eliminate 5' phosphate groups on degraded or 
damaged RNA which may interfere with the later RNA ligase step. The phosphatase if used is then 
inactivated and the RNA is treated with tobacco acid pyrophosphatase in order to remove the cap 
structure present at the 5' ends of messenger RNAs. This reaction leaves a 5' phosphate- group at the 
5' end of the cap cleaved RNA which can then be ligated to an RNA oligonucleotide using T4 RNA 
ligase. This modified RNA preparation can then be used as a template for first strand cDNA 
synthesis using a gene specific oligonucleotide. The first strand synthesis reaction can then be used 
as a template for PCR amplification of the desired 5' end using a primer specific to the ligated RNA 
oligonucleotide and a primer specific to the known sequence of interest. The resultant product is then 
sequenced and analyzed to confirm that the 5' end sequence belongs to the relevant family. 

Representative primers for cloning any one of the human phosphatases of the present 
invention are provided in Table VI herein as 'Left Cloning Primer', 'Right Cloning Primer', 



-7- 



PAGE 14/140 * RCVD AT 5/31/2005 4:30:37 PM [Ea^em DayOght Time] * SVR:USPT0€FXRF-1/1 1 * DNK:8729305 * CSID:6092524526 * DURATION (mm-ss):45-24 



MAY. 31.2005 4:34PM BMS PATENT OEPT NO. 3153 P. 15/140 

CASEDOU/'/nr 

RevCo-np -*» 1— °— ^ ^ 

J of dae MX. BMY.HPP1. BMY_HPP1 was Coned <* F*»~ 
™ of «. identified BMYJPP. W BMY.HPP1.A (SEQ ID NO,) and 

end: 




circular o«uu, mixture was beated in a thermal 

seven microliters of 100% formanude in a 0.5 ml PCR tube- ine mix 
Z re ,5- C * 2 reins. Foorreen reicreUrer, of 2X b^on boffer (50* f— 
N ^ 004 M NaPO., pH 7A 5 - BDTA, W SOS) was added .0 .be heated probe/cDNA 
Z^-andinclred a ur C fo,- 26 Ho M , H^da b a«waan te ^ obgo .d Uae 
17J^NA were isofcred by dttnung fhe hybridan to 220 microbe . a solobon 

Z^l M NaC, .0 reM Ttfs-HCl P H 7,. ,r»M EDTA, pH S.O and addons 125 - 

„ Lpend rhe beads. The beads were separered frore ft. sofclion w.rh a magna, and me 
W a S bed(h K edmeain200microU^of0.1XSSPB,0.1%SDSat45'C. 

The single stranded cDNAs were reieased fiorn rhe Moored prebe/srreprav. dren^ne 
bead cole* oy adding 50 microliters of 0.« N NaOH and Incobating « room ten.pera.ore for 10 
. 0, 3 M Sodiore Accra* was added a>ong wire 15 micrograms of glycogen and 

mi ns.S«m.erobtersof3M i m i cn >nters of 100% ethanol. The DNA was resospend in 

tesototi one ta o lp ree i pda t edw.«b 1 20»ereure,son00^ The single stranded cDNA 

19 microliters of TE (10 tnMTris-HCl, pH 8.0), lmM EDTA, pH 8.0). g> 

* ,5 outers 10 mi— standi SP6 primer ^logons » a „ - * 
Coning vector) and ,.5 m^iirers o, ,0 X PCR boffe, Tbe restore was beared re 05 
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_ mS >. c Mistime 15 aucroliters of a repair mix, that waspreheated 
seconds, then rapped downto 59 C ^ ^^.^ Wato oyi«rfl« 
to 70 o C (Repair mi* contains 4 nucrohtcrs o ^ ^ _ 

Puffer,*.* — 

ramp ed bac, to 73' C and incubated for 23 ^"Tctroporated in E. coU DH12S cells and 

resnspended in 10 microliters ofTE. Two nncrohters were electropora 

reSUSp , tw PCR using the following primer paw number. 

resulting colonies were screened by PCR, using in 



Name 



Phos2-2S 



Phos2-2a 




The science of the BMV.HPP1 polynucleotide was sequenced and is provided in Figures 
20A-D(SEQIDNO:149). was cloned using the polynucleotide 

b the case of the <*^ W f*"^ m5 > to ^ the following antisense 
sequences of the identified BMY,HPP2 fragment (SEQ ID NO J) 

80 bp oligo with biotin on the 5* end: 



Name 



Phos2-80b~ 



AOCCOCGGCAOCOCCAGTOX^CCAflCCaOCCCGGA -3 (SEQ H> 
NO.51) _. — 



fagmen t « added . s« n» (Si, — - ■ ^ ffid 

ssv „ of Ittft ro— ^« tattoo Mb <5» — * " M 

^^ Ctal ^~^T^ « added „ *e — P^CONA 
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to resuspend the beads. The beads were separated from the solution with a magnet and the beads 
washed three times in 200 microliters of 0. 1 X SSPE, 0.1 % SDS at 45° C. 

The single stranded cDNAs were released from the biotinlyated probeVstreptavidia magnetic 
bead complex by adding 50 microliters of 0.1 N NaOH and incubating at room temperature for 10 
mix* Six microliters of 3 M Sodium Acetate was added along with 15 micrograms of glycogen and 
the solution ethanol precipitated with 120 microliters of 100% ethanol. The DNA was resuspend m 
12 microliters of TE (10 mM Tris-HCl, P H 8.0), ImM EDTA, P H 8.0). The single stranded cDNA 
was converted into double strands in a thermal cycler by mixing 5 microliters of the captured DNA 
with 1.5 microliters 10 micromolar standard SP6 primer (homologous to a sequence on the cDNA 
cloning vector) and 1-5 microliters of 10 X PCR buffer. The mixture was heated to 95* C for 20 
seconds, then ramped down to 59 • C. At this time 15 microliters of a repair mix, that was preheated 
to 70* C (Repair mix contains 4 microliters of 5 mM dNTPs (1.25 mM each), 1.5 microliters of 10X 
PCR buffer, 9.25 microliters of water, and 0.25 microliters of Taq polymerase). The solution was 
ramped back to 73° C and incubated for 23 mins. The repaired DNA was ethanol precipitated and 
resuspended in 10 microliters of TE. Two microliters were electroporated in E. coli DH12S cells and 
resulting colonies were screened by PCR, using the following primer pair number: 





Sequence 


Phos2-2s 


"GAGAAAGCAGTCTTCCAGTrCTAC (SEQ ID NO: J 56) ! 


Phos2~2a 


ATCGGAGCTAGAGGGTl'l AATACT (SEQ ID NO:157) 



The sequence of the BMY.HPP2 polynucleotide was sequenced and is provided in Figure 21 
(SEQK>NO:l5l). 

In the case of BMY.HPP5, BMYJHPP5 was cloned using the sequence of Incyte clone 
4155374 to design the following PCR oligos: 

Oljpo number NafflS St^liSES ^ ^ 

4,553740.* 5' -GGCCAAAGAGCAAACTCAAG-3 (SEQ ID NO:69) 

415537«T(^ a 5'-bGCATAGCrTGTrcC7TCCCAT-3 (SEQ ID NO.70) 



686 
687 



A biounylated nucleotide was included on the 5' end of oligo 687. Using the PCR primer 
pair a 414bp biodnylated fragment was amplified using the Incyte clone as the template. The 
fragment was gel purified by agarose electrophoresis and stored at 4° C. The same PCR primer pair 



10 
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was used to screen cDNA libraries for the presence of fi6OTi|ous sequences. Positive PCR results 
were obtained in our HPLC-size fractionated brain and testis libraries. One microliter (one hundred 
and fifty nanograms) of the gel-purified biotinylated PCR fragment was added to six microliters (six 
micrograms) of a single-stranded covalendy closed circular testis cDNA library and seven 
microliters of 100% formamide in a 0.5 ml PCR tube. The mixture was heated in a thermal cycler to 
95° C for 2 mins. Fourteen microUters of 2X hybridization buffer (50% formamide, 1.5 M NaCl, 
0.04 M NaPCk pH 7.2, 5 mM BDTA, 0.2% SDS) was added to the heated pxobe/cDNA library 
mixture and incubated at 42* C for 26 hours. Hybrids between the biotinylated oligo and the circular 
cDNA were isolated by diluting the hybridization mixture to 220 microliters in a solution containing 
1 M NaCl, 10 mM Tris-HCl pH 7.5, lmM EDTA, pH 8.0 and adding 125 microUters of slxeptavidin 
magnetic beads. This solution was incubated at 42° C for 60 mins, mixing every 5 mins to resuspend 
the beads. The beads were separated from the solution with a magnet and the beads washed three 
times in 200 microliters of 0.1 X SSPE, 0.1% SDS at 45° C. 

The single stranded cDNAs were released from the biotinlyated probe/streptavidin magnetic 
bead complex by adding 50 microliters of 0.1 N NaOH and incubating at room temperature for 10 
mins. Six microliters of 3 M Sodium Acetate was added along with 15 micrograms of glycogen and 
. the solution ethanol precipitated with 120 microUters of 100% ethanol. The DNA was resuspend in 
12 microUters of TB (10 mM Tris-HCl, pH 8.0), lmM EDTA pH 8.0). The single stranded cDNA 
was converted into double strands in a thermal cycler by mixing 5 microliters of the captured DNA 
with 1.5 microUters 10 micromolar standard SP6 primer (homologous to a sequence on the cDNA 
cloning vector) and 1.5 microUters of 10 X PCR buffer. The mixture was heated to 95° C for 20 
seconds, then ramped down to 59 ° C. At this time 15 microUters of a repair mix, that was preheated 
to 70° C (Repair mix contains 4 microUters of 5 mM dNTPs (1.25 mM each), 1.5 microliters of 10X 
PCR buffer, 9.25 microUters of water, and 0.25 microliters of Taq polymerase). The solution was 
ramped back to 73° C and incubated for 23 mins. The repaired DNA was ethanol precipitated and 
resuspended in 10 microUters of TE. Two microUters were electroporated in E. coU DH12S ceUs and 
resulting colonies were screened by PCR, using the primer pair number 686/687. The sequence of 
the BMY_HPP5 polynucleotide was sequenced and is provided in Figures 5A-E (SEQ ID NO:41). 
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„ 3 . ^ Profiling Of The Novel Human BMY^HPP M~ ^peptides Of 
^^prT^^^ 

^ w m be used in a rasMmo PCR assay to determine re.ative steady state tnRNA express-on 
l^eTofBMYJffPl, BMY_HPP2. BMV.HPP3. and BMYJIPP4 across a pane, of human US.es 
wording to the following protocol, 

rL strand cDNA may be seized «fom — * avaUable mRNA (Clontech) and 
subjected » real time cuauuuuiv. PCR using a PB 5700 in— (Applied Biosystcms, Foster 
U CA) using ft. manufacturers tended protocol. This — nt derec* fte arnou* of 
™ am lined during each cycle by fte fluorescent output of SYBR green, a DMA bmdmg dye 
specific for double strand, The specify of the primer pair for its targe, may be venfred by 
panning a thermal denervation profne a, fte end of fte run which provides an indrcatioo of fte 
lumber of different DNA seances preaen. by determining melting Tm. Only primer p« grv-ng a 
sta g,e PCR product are considerad. Contributions of contaminating genomic DNA to fte assessmen 
of tisane abundance ma, be controlled by performing fte PCR wift firs, strand mnde w.ft and 
wifton. reverse transcript Only samples wbere fte contribuHon of material ampltftou tn fte no 

reverse transcriptase controls was negligible are considered 

Small variations in fte amount of cDNA used in each mbe can be detrnmtned b, perfomung 
, parallel experiment using a prime, pair for ft. cydopbilin gene, which is expressed in et.ua. 
amounts in aU tissues. Tne data b then used to normaUze fte da* obtained wift each pnmer pau. 
Tun PCR data was converted into a relative assessment of fte difference in transcript abundance 

amongst the tissues tested. 

Representative prime* for expression profiling ana 1 y S is fox each gene are prowled m Table 
VI herein as 'BP Sense' and "BP Anti-sense Mmer', ftough may ako include one or more of fte 
foUowmgt •Left Cloning Primer-. •Right Coning Primer'. ■Internal RevComp Cloning Prune. ■ 
md/ or •internal Cloning Primer-. Ofter primers could be substinnedfor any of fte above as would 

be appreciated by one skilled in the art. 

in the case of BMYHPP1, the following PCR primer pair was used to measure the steady 

state levels of BMY_HPP1 mRNA by quantitative PCR: 
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Sense: 5'- TACAATTTCGGATGGAAGGATTAT -3' (SEQ ID NO:154) 

Antisense: 5'- GCATGACAATGGATAGCTACTTT -3' (SEQ ID NO:155) 

Briefly, first strand cDNA was made from commercially available mRNA. The relative 
amount of cDNA used in each assay was determined by performing a parallel experiment using a 
primer pair for a gene expressed in equal amounts in all tissues, cyclophilin. The cyclophilin primer 
pair detected small variations in the amount of cDNA in each sample and these data were used for 
normalization of me data obtained with the primer pair for the novel BMYHPPl. The PGR data 
was converted into a relative assessment of the difference in transcript abundance amongst the 
tissues tested and the data is presented in Figure 22. Transcripts corresponding to BMYHPPl were 
expressed highly in testis; to a significant extent, in the spinal cord, and to a lesser extent, in 

pancreas, brain, pituitary, heart, and lung. 

Tn thP rase of BMV HPP2. the fr iWi™ VCR primer pair was used to measure the 

gtP^ y state levels of BMY H PP2 mRNA bv quantitative PCRj 

Sense: 5'- GAGAAAGCAGTCTTCCAGTTCTAC -3' (SEQ ID NO:156) 

Antisense: 5'- ATGGGAGCTAGAGCGTITAATACT -3' (SEQ ID NO: 157) 

Briefly, first strand cDNA was made from commercially available mRNA. The relative 
amount of cDNA used in each assay was determined by performing a parallel experiment using a 
primer pair for a gene expressed in equal amounts in all tissues, cyclophilin. The cyclophilin primer 
pair detected small variations in the amount of cDNA in each sample and these data were used for 
normalization of the data obtained with the primer pair for the novel BMY_HPP2. The PCR data 
was converted into a relative assessment of the difference in transcript abundance amongst the 
tissues tested and the data is presented in Figure 23. Transcripts corresponding to BMY_HPP2 were 
expressed highly, in liver and kidney; to a significant extent, in the spleen, and to a lesser extent, in 
lung, testis, heart, intestine, pancreas, lymph node, spinal cord, and prostate. 

Tn the rase of BMV TTPP5. the fo H »wi^ PCR primer pair was used to measure the 
steady state levels of BMY F PP5 mRNA by miantitetive PCR; 

Sense: 5'- ATGGGACCAACAAGCTATGC -3' (SEQ ID NO:67) 

Antisense: 5'- TTATCAGGACTGGTTTCGGG -3' (SEQ ID NO:68) 
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Briefly, first strand cDNA was made from commercially available mRNA. The relative 
amount of cDNA used in each assay was determined by performing a parallel experiment using a 
primer pair for a gene expressed in equal amounts in all tissues, cyclophilin. The cydopbilin primer 
pair detected small variations in the amount of cDNA in each sample and these data were used for 
normalization of the data obtained with the primer pair for the novel BMY.HPP5. The PCR data 
was converted into a relative assessment of the difference in transcript abundance amongst the 
tissues tested and the data is presented in Figure 11. Transcripts corresponding to BMY.HPP5 were 
expressed highly in the testis, spinal cord, an to a lesser extent in bone marrow, brain, thymus, and 



liver. 



Example 4 - Method of Assaying The Phosphatase Activity of the BMY.HPP Polypeptides of 
the present invention. 

The Phosphatase Activity of the BMY.HPP Polypeptides of the present invention may be 
assessed through the application of various biochemical assays known in the art and described 
herein. 

Hydrolysis of pam-nitr nptiBnyl phosphate 

The phosphatase activity for BMY_HPP proteins may be measured by assaying the ability of 
the proteins to hydrolyze para-nitrophenyJ phosphate, a compound known to be a substrate for 
phosphatases, as described in Krejsa, C. et al., J. Biol. Chen, Vol. 272, p.1 1541-11549, 1997 (which 
is hereby incorporated in it, entirety herein). The proteins are incubated in 3 rag/ml para-mtrophenyl 
phosphate in a solution containing 60 mM MES, P H 6.0, 5% glycerol, 5 mM ditbiothreitol, and 0.1 % 
Triton X-100 for 15 min, or such other time as may be desired. The pH of the reaction may be vaned 
to provide an optimal pH for each individual BMY.HPP protein by those with ordinary skill in the 
art of enzyme assays. The phosphatase reaction is stopped by the addition of 3 N NaOH to give a 
final NaOH concentration of 0.7 M. The product of the reaction is measured by reading the 
absorbance of the solution at 405 nm. 

Two dimensional gel el ectrophoresis 

The BMY JIPP polynucleotides of the present invention may be subcloned into appropriate 

vectors for expression in host cells. Representative vectors are known in the art and described herein. 
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2-D gel electrophoresis (EF followed by SDS-PAGE) will be used to assay BNlYHPP-dependent 
depbosphorylation of host cell proteins. These proteins can-be recovered from the gel and identified 
by mass spectrometry or other protein sequencing techniques known in the art. 

Briefly, Methods for 2-dimensional gel analysis and labeling cells with proteins are well 
known in the art. Cells would be labeled with 32P orthophosphate, cellular proteins would be 
resolved on 2D gels and their positions determined by autoradiography. Proteins of interest would be 
identified by excising the spots and analyzing their sequence by mass spectroscopy. The following 
paper and the references therein describe the methods of labeling cells, analyzing the proteins on 2D 
gels and mass spec identification: Gerner, C et aL. J. Biol. Chem, Vol. 275, p.39018 - 39026, 2000. 
Substrates affected by the phosphatase would be identified by comparing wild type cells to cells 
where expression of the phosphatase is inhibited by deletion, anti-sense, or other means. Proteins 
whose phosphorylation increased would be either direct substrates or indirectly regulated by the 
phosphatase. Conversely, in cells where the active phosphatase was overexpresse* proteins whose 
phosphorylation decreased would either be direct substrates or indirectly regulated by the 
phosphatase. 

Example 5 - Method of Identifying The Substrate of the BMY_HPP Phosphatase Polypeptides 
of the present invention, 

Substrate identification 

Protein substrates for BMYJHPP polypeptides of the present invention may be identified by 
recovery of proteins dephosphorylated in the 2-D gel electrophoresis assay described above. 
Phosphopeptide substrates may also be identified as proteins whose phosphorylation increases when 
the activity or expression of a BMY.HPP protein is decreased (for example, by an antibody, 
antisense or double-stranded inhibitory RNA or by a small molecule inhibitor of BMYHPP 
activity). In either case, mass spectrometry can be used to identify the recovered proteins. 

Phosphopeptide substrates for BMY-HPP polypeptides may also be identified by incubation 
of a phosphopeptide library with a catalytically inactive version of the protein, recovery of the 
complex, and peptide sequencing by standard methods such as Edman degradation or mass 
spectrometry. 
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Phosphopeptide substrates can also be identified by expressing a substrate trapping mutant 
phosphatase (one that is catalytically inactive due to active site mutation) and isolating the protems 
that bind preferentially to the substrate trapping phosphatase relative to the wild type phosphatase. 

Example 6 - Method of Identifying RBT31 of the Present Invention. 

In an effort to identify gene products involved in regulatory events, the RNA expressed in 
TNF-a-stimulated human lung microvascular endothelial cells was analyzed. Resting cells were 
stimulated for 1 h with TNF-cc and the RNA was isolated from the cells. Complementary DNA 
(cDNA) was created from the isolated RNA using methods known in the art. The cDNA that were 
upregulated in response to TNFa were identified using subtracts hybridation. A clone 
corresponding to a portion of the RET31 polynucleotide was identified and used to identrfy the full- 
length (SEQ ID NO-.115). Additional methods are provided below. 

HMVEC Cell culture , 

Primary cultures of human lung microvascular endothelial cells (HMVEC), from a single 
donor, were obtained from Clonetics (Walkersville, MD). The cells were grown in the endothehal 
cell growth medium-2 kit (CC-3202) with 5% Fetal Bovine Serum (Hyclone). Initially, the cells 
were seeded into a T-25 flask and, after reaching approximately 90% confluence, they were 
trypsmized and transferred into T-225 flasks at 1.2 x lO'/flask in 80 mis of medium. For normal 
growth conditions, the medium was changed each 48 h. When the ceUs reached approximately 90% 
confluence, they were passaged again and seeded into T-225 flasks at 1.8 x l0<Vml in 80 mis of 
medium. 

u\mvr rJl Treatme nt fnr UNA isolation 
Subcontinent (90% confluent) T-225 flasks of HMVEC were adjusted to 40 ml of medium 
per flask by removing excess medium HMVEC wete either left untreated (time 0) or treated with 10 
ng/ml TNF-oc for 1, 6 or 24 h. The medium was not changed at the time of TNF-a addifcon. 
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RNA isolation 

^ At the designated time points, The flasks of HMVEC were trypsinized briefly to remove ceils 
from the flasks and trypsinization was terminated by the addition of fetal calf serum. The cells were 
removed from the flasks and toe flasks rinsed with PBS. The cells were pelleted, rinsed once in PBS 
and re-pelleted. The supernatant was removed and the cell pellet used for RNA isolation, Poly 
A+RNA was isolated directly using Fast Track 2.0™ (Invitrogen, Carlsbad, CA). 

Construction of the Sub trattion TJbrarv 

The PCR^select cDNA subtraction kit™ (dontech, Palo Alto, CA) was used to generate a 
subtraction library from untreated HMVEC poly A + RNA (tester) and 1 h TNF-a-treated HMVEC 
poly A+ RNA (driver), according to the manufacturer's protocols. Ten secondary PCR reactions 
were combined and run on a 2% agarose gel. Fragments ranging from approximately 0.3kb - 10 kb 
were gel purified using the QIAgen gel extraction kit (QlAgen Inc., Valencia, CA) and inserted into 
the TA cloning vector, P CR2.1 (Invitrogen). TOP10F competent E. coli (Invitrogen) were 
transformed and plated on LB plates containing 50 micrograms/ml ampicillin. Clones were isolated 
and grown in LB broth containing similar concentrations of ampicillin. Plasmids were sequenced 
using methods known in the art or described elsewhere herein. 

As referenced above, the methods utilized for constructing the subtraction library followed 
the PCR-Select cDNA Subtraction Kit (Clonetech; Protocol # TO 117- J ; Version # PR8543 1) which 
is hereby incorporated herein by reference in its entirety. Additional references to this method may 
be found in Diatchenko, et al., PNAS 93:6025-6030 (1996), which is hereby incorporated herein 
by reference in its entirety. 

Example7 - Method of Cloning RET31 of the Present Invention. 

A clone containing the predicted coding sequence of RET31 was isolated from human 
microvascular endothelial cells (HMVECs) treated with tumor necrosis factor alpha (TNFa) for 6 
hours using reverse transcription/polymerase chain reaction (RT/PCR). RNA was purified from the 
TNFa stimulated HMVEC cells according to methods known in the art. A primer set (each at 400 
nM final concentration) was used to amplify a 3 kb sequence using the following primers and 
conditions: 
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primer JNF388: CACACCACCATTACATCATCGTGGC (SEQ ID NO: 145) 
primer JNF525: TGCTGCTCTGCTACCAACCC (SEQ ID NO:146) 

with 200 MM dNTP's, IX Advantage 2 polymerase, and 2.0 fil DNA in 25.0 \il reaction. The 
experiment was cycled 35 times through the following sequence: : 94'C for 30 sec, 68°C for 30 sec. 
then 72°C for 3.5 min. At the completion of the reaction. 6.0ul of loading dye was added and the 
entire reaction was separated by gel electrophoresis in a 1.2% agarose gel containing ethidium 
bromide. An ~3 kb size band was excised from the gel and purified using the QIAgen extraction kit 
(QIAgen, Valencia, CA). This fragment was Hgated into the pTAdv cloning vector (Clontecb, Palo 
Alto, CA) and sequenced using standard methods. The RET31 clone (SEQ ID NO:108; Figures 13A- 
F) contains about a 3 kb sequence corresponding to nucleotides 472 to 3513 of the predicted RET31 
coding sequence (SEQ ID NO:147). The predicted RET31 coding sequence (SEQ ID NO:147) was 
derived from Incyte gene cluster 1026659,7. 

A nucleic acid sequence corresponding to the nucleic acid sequence encoding the RET31 
polypeptide was first identified in a subtraction library from TNF-ct stimulated human lung 
microvascular endothelial cells (HMVEC). This subtraction clone sequence encoded a 408bp partial 
cDNA sequence, as shown: 



RET31 subtraction clone 

ACAATGGAGTGGCTGAGCCTTrGAGCACACCACCATTACATCATCGTGGCAAATTAAAGAAGGA 

GGTGGGAAAAGAGGACITATTGTTGTCATGGCCCATGAGATGAITGGAACTCAAATTGTTACTG 

AGAGGTTGGTGGCTCTGCTGGAAAGTGGAACGGAAAAAGTGCTGCTAATTGATAGCCGGCCATT 

TGTGGAATACAATACATCCCACATTITGGAAGCCATTAATAT^ 

GAAGGITGCAACAGGACAAAGTGTTAATTACAGAGCTCATCCAGCATTCAGCGAAACATAAGGT 
TGACATTGAirGCAGTCAGAAGGTTGTAGTITACGATCAAAGCTCCCAAGATGTTGCCTCTCTCT 

CTTCAGACTGTTTTCTCACTGT (SEQ ID NO:l 1 5) 

Example 8 - Method of Determining the mRNA Expression Profile of RET31 Using Northern 
Hybridization. 

Multiple tissue northern blots (MTN) were purchased from Clontech Laboratories (Palo Alto, 
CA) and hybridized with ^-labeled RET31. Briefly, a408bpRET31 fragment (RET31/RsaI) was 
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isolated from subtraction clone lhrTNF031 (SEQ ID N0:115) using Rsal restriction endonuclease, 
run on a 2.0% agarose gel, and purified using the QIAgen Gel Extraction Kit (QlAgen. Valencia, 
CA). Approximately 30 ng of RET3l/RsaI was radiolabeled (6000Ci/mmol P^-dCTP) using the 
Random Primed DNA Labeling Kit (Roche, Indianapolis, IN). Unincorporated nucleotides were 
removed using NucTrap Probe Purification Columns (Stratgene, La Jolla, CA). Radiolabeled 
RET31/RsaI probe was added at a specific activity of 1.5x10* cpm/ml of ExpressHyb hybridization 
solution (Clontech) and incubated overnight at 65°C. Blots were washed to 2.0XSSC/0.05%SDS at 
50°C and exposed to film for 24 and 48 h. The MTN's used were human MTN (#7760-1), human 
MTN H (#7759-1), human MTN III (#7767-1), and human cancer cell line MTN (#7757-1). 

The results show the RET31 polypeptide was expressed predominately in adrenal gland, 
testis, and skeletal muscle; to a significant extent, in the liver, prostate ovary, and to a lesser extent, 
in placenta, pancreas, thymus, small intestine, thyroid, heart, kidney and liver (see Figure 15). 

Example 9 - Method of Assessing The Affect of TNF-aJpha on RET31 mRNA Expression. 

In an effort to confirm the TNF-alpha dependent regulation of RET31 expression, HMVEC 
cells were treated with TNF-alpha over several time periods and the mRNA subsequently harvested 
and probed by northern hybridization. Briefly, untreated HMVEC, lh TNF-a stimulated HMVEC, 6 
h TNF-a stimulated HMVEC, 24h TNF-a stimulated HMVEC poly A+RNA (2 ug each) were run 
on a 1.2% agarose gel containing 3.0% formaldehyde and Ixansferred to Hybond N+ nucleic acid 
transfer membrane (Ameisham, Piscataway, NJ) using standard blotting techniques (see Maniatis et 
al. referenced herein). Membranes were auto cross-linked using Stiatalinker (Stratagene) and 
prehybridized in ExpressHyb hybridization solution for 1 h and probed in parallel with the multiple 
tissue northern blots. 

After hybridization, membranes were washed by continuous shaking for 30 minutes with low 
stringency solution (2XSSC/0.05%SDS) at room temperature with 2 changes of solution. 
Membranes were then washed for 30 minutes with high stringency solution (0.1XSSC/0.1%SDS) at 
50*C with 1 change of solution. The membranes were exposed with intensifying screens to X-ray 

film at -70°C for 10 days. 

The endothelial cell blot was reprobed for E-selectin and GAPDH. 

The results confirmed RET31 is up-regulated by TNF-a, reaching a peak of expression at 6 h 
by northern blot analysis (see Figure 18). 
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Bsampte fi Examule 10 - Method Of Assessing The Physiological Function Of The human 
phosphatase Polypeptide At The Cellular Level. 

The physiological function of the human phosphatase polypeptide may be assessed by 
expressing the sequences encoding human phosphatase at physiologically elevated levels in 
mammahan cell culture systems. cDNA is subcloned into a mammalian expression vector containing 
a strong promoter that drives high levels of cDNA expression (examples ate provided elsewhere 
herein). Vectors of choice include pCMV SPORT (Life Technologies) and pCR3.1 (Invitrogen, 
Carlsbad CA), both of which contain the cytomegalovirus promoter. 5-10, ug of recombinant vector 
are transiently transfected into a human cell line, preferably of endothelial or hematopoietic origin, 
using either liposome formulations or electroporation. l-2ug of an additional plasmid containing 
sequences encoding a marker protein are cotransfected. Expression of a marker protein provides a 
means to distinguish transfected cells from nontransfected cells and is a reliable predictor of cDNA 
expression from the recombinant vector. Marker proteins of choice include, e.g., Green Fluorescent 
Protein (GFP; Clontech), CD64, or a CD64-GFP fusion protein. Flow cytometry (FCM), an 
automated, laser optics-based technique, is used to identify transfected cells expressing GFP or 
CD64-GFP and to evaluate the apoptotic state of the cells and other cellular properties. FCM detects 
and quantifies the uptake of fluorescent molecules that diagnose events preceding or coincident with 
cell death. These events include changes in nuclear DNA content as measured by staining of DNA 
with propidium iodide; changes in cell size and granularity as measured by forward light scatter and 
90 degree side light scatter; down-regulation of DNA synthesis as measured by decrease in 
bromodeoxyuridine uptake; alterations in expression of cell surface and intracellular proteins as 
measured by reactivity with specific antibodies; and alterations in plasma membrane composition as 
measured by the binding of fluorescein-conjugated Annexin V protein to the cell surface. Methods in 
. flow cytometry are discussed in Ormerod, M. G. (1994) Flow Cvtometrv, Oxford, New York NY. 

The influence of human phosphatase polypeptides on gene expression can be assessed using 
highly purified populations of cells transfected with sequences encoding human phosphatase and 
either CD64 or CD64-GFP. CD64 and CD64-GFP are expressed on the surface of transfected cells 
and bind to conserved regions of human imnrunoglobulin G (IgG). Transfected cells are efficiently 
separated from nontransfected cells using magnetic beads coated with either human IgG or antibody 
against CD64 (DYNAL, Lake Success NY). mRNA can be purified from the cells using methods 
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well known by those of skill in the art. Expression of mRNA encoding human phosphatase 
polypeptides and other genes of interest can be analyzed by northern analysis or microarray 
techniques. 

TVmmplr 7F— r- 11 " Method Of Screening For Compounds That Interact With The 
human phosphatase Polypeptide. 

The following assays are designed to identify compounds that bind to the human phosphatase 
polypeptide, bind to other cellular proteins that interact with the human phosphatase polypeptide, 
and to compounds that interfere with the interaction of the human phosphatase polypeptide with 
other cellular proteins. 

Such compounds can include, but are not limited to, olher cellular proteins. Specifically, such 
compounds can include, but are not limited to, peptides, such as, for example, soluble peptides, 
including, but not limited to Ig-tailed fusion peptides, comprising extracellular portions of human 
phosphatase polypeptide transmembrane receptors, and members of random peptide libraries (see, 
e.g., Lam, K. S. et al., 1991, Nature 354:82-84; Houghton, R. et al., 1991, Natuie 354:84-86), made 
of D-and/or LWiguration amino acids, phosphopeptides (including, but not limited to, members 
of random or partially degenerate phosphopeptide libraries; see, e.g., Songyang, Z., et al., 1993, Cell 
72:767-778), antibodies (including, but not limited to, polyclonal, monoclonal, humanized, anti- 
idiotypic, chimeric or single chain antibodies, and FAb, FW.sub.2 and FAb expression iibary 
fragments, and epitope-binding fragments thereof), and small organic or inorganic molecules. 

Compounds identified via assays such as those described herein can be useful, for example, 
in elaborating the biological function of the human phosphatase polypeptide, and for ameliorating 
symptoms of tumor progression, for example. In instances, for example, whereby a tumor 
progression state or disorder results from a lower overall level of human phosphatase expression, 
human phosphatase polypeptide, and/or human phosphatase polypeptide activity in a cell involved in 
the tumor progression state or disorder, compounds that interact with the human phosphatase 
polypeptide can include ones which accentuate or amplify the activity of the bound human 
phosphatase polypeptide. Such compounds would bring about an effective increase in the level of 
human phosphatase polypeptide activity, thus ameliorating symptoms of the tumor progression 
disorder or state. In instances whereby mutations within the human phosphatase polypeptide cause 
aberrant human phosphatase polypeptides to be made which have a deleterious effect that leads to 
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tumor progression, compounds that bind human phosphatase polypeptide can be identified that 
inhibit the activity of the bound human phosphatase polypeptide. Assays for testing the effectiveness 
of such compounds are known in the art and discussed, elsewhere herein. 

r^np^ Example 12 - Method Of Screening, H» Vitro, Compounds That Bind To The 

Human Phosphatase Polypeptide. 

In vitro systems can be designed to identify compounds capable of binding the human 
phosphatase polypeptide of the invention. Compounds identified can be useful, for example, in 
modulating the activity of wild type and/or mutant human phosphatase polypeptide, preferably 
mutant human phosphatase polypeptide, can be useful in elaborating the biological function ot the 
human phosphatase polypeptide, can be utilized in screens for identifying compounds that disrupt 
normal human phosphatase polypeptide interactions, or can in themselves disrupt such interactions. 

The principle of tbe assays used to identify compounds that bind to the human phosphatase 
polypeptide involves preparing a reaction mixture of the human phosphatase polypeptide and the test 
compound under conditions and for a time sufficient to allow the two components to interact and 
bind thus forming a complex which can be removed and/or detected in the reaction mixture. These 
assays can be conducted in a variety of ways. For example, one method to conduct such an assay 
would involve anchoring human phosphatase polypeptide or the test substance onto a solid phase 
and detecting human phosphatase polypeptide /test compound complexes anchored on the solid 
phase at the end of the reaction. In one embodiment of such a method, the human phosphatase 
polypeptide can be anchored onto a solid surface, and the test compound, which is not anchored, can 

be labeled, either directly or indirectly. 

m practice, microtia plates can conveniently be utilized as the solid phase. The anchored 
component can he immobilized by non-covalent or covalent attachments. Non-covalent attachment 
can be accomplished by simply coating the solid surface with a solution of the protein and drying. 
Alternatively, an immobilized antibody, preferably a monoclonal antibody, specific for the protein to 
be immobilized can be used to anchor the protein to the solid surface. The surfaces can be prepared 
in advance and stored. 

In order to conduct the assay, the noniinmobilized component is added to the coated surface 
containing the anchored component. After the reaction is complete, unreacted components are 
removed (e.g., by washing) under conditions such that any complexes formed will remain 
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^obfflzed o, the sohd aurfacu. TV detection of compter anchored on to solid surface can be 

detection of label immobilized on the surface indies to. complex were formed. Where .ho 
piously nonimmobffized component is no. J-**** an Indirect label can be used .o d*ec. 
complexes anchored on «he surface; e.g., using . labeled antibody specific for the tanobihzed 
component (.ho antibody, in rum, can be direcdy labeled or mdheerly labeied »hb a labeied anti-Ig 

antibody). , 
Alternatively, a reaction can be conducted in a liquid phase, the reaction products separated 
from unreacted components, and complexes detected; e.g., using an immobilized antibody specific 
for human phosphatase polypeptide or the test compound to anchor any complexes formed m 
solution, and a labeled antibody specific for the other component of the possible complex to detect 
anchored complexes. 

&s^mm*as. - <* Compounds ™ at With Hwman 

Phosphatase Polypeptide/Cellular Product Interaction. 

The human phosphatase polypeptide of the invention can, in vivo, interact with one or more 
cellular or extracellular macromoleoules, such as proteins. Such macromolecules include, but are not 
limited to, polypeptides, particularly ligands, and those products identified via screening methods 
described, elsewhere herein. For the purposes of this discussion, such cellular and extracellular 
macromolecules are referred to herein as "binding partners)" For the purpose of the present 
invention, binding partner" may also encompass polypeptides, small molecule compounds, 
polysaccarides, lipids, and any other molecule or molecule type referenced herein. Compounds that 
disrupt such interactions can be useful in regulating the activity of the human phosphatase 
polypeptide, especially mutant human phosphatase polypeptide. Such compounds can mclude, but 
are not limited to molecules such as antibodies, peptides, and the like described in elsewhere herem. 

The basic principle of the assay systems used to identify compounds that interfere with the 
interaction between the human phosphatase polypeptide and its cellular or extracellular- binding 
partner or partners involves preparing a reaction mixture containing the human phosphatase 
polypeptide, and the binding partner under conditions and for a time sufficient to allow the two 
products to interact and bind, thus forming a complex. In order to test a compound for irfubrtory 
activity, the reaction mixture is prepared in the presence and absence of the test compound. The test 
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compound can be initially included in to reaction mixhrrc. or can be added « a time s„ to 
*. Ition of human phosphaase pelade and to ceUmar « extracellular btodrng parmer. 

any complexes between to bnman pbospba.ase polypeptide and the ceUulac or ex— 
hnrdrng partner Is ton detected. The formation 0, a convex in to conhol mention - « £ 
jT-« containing to tea. compound, indict to. to compound — " 
fraction of the human phosphate polypeptide and the interactive binding partner. Addroonally, 
complex formation within reacdon — — . to res, compound and nonnaJ ^umau 
pelade can also be compared ro complex formation wrton rcacrion „ 
Lining to test compound and mutan, human phosphatase polypeptide, n. - * 

„ in .hose cases wherein it is desh*,e «o identify compounds to. disrupt rnteracoons of 
mutantbmnotnormalliumanphosplratasepolypeptlde. 

The assay for compounds to. interfere with ,be interaction of to human phosphatase 
poiypeptide and binding partners can he conduct in a heterogeneous or homogeneous format 
Helgeneons assays involve anchoring either to human phosphatase polypeptide or- to bmdrng 
partner onto a sotid phase and detecting complexes anchoree on to solid phase at to end of to 
Lction. In homogeneous assays, to entire reacdon is carried out in a hquid phase. In erther 
broach, to order of addition of rcacmnts can be verier! «o obiain different infonnanen about to 
compounds being rested. For example, res, compounds .hat interfere with to "~~*» 
human phosphatase polypeptide and to binding partners, e.g., by competition, can 
ccnduclg to reacdon in to presence o, to mat anbsunce; U. by aiding to test substance ,0 to 
reaction mixture prior to or simultaneously with to human phosphatase polypeptide and mteracuve 
ccUn, M or exrraceMar binding partner. Alternatively, test compounds that disrupt preformed 
comptexes, e.g. compounds with hlgherbinding consents to. displace one of to component from 
.helplex. can betes,ed by addingto.es. compound to to reacdon mixture a«er complexes have 
been formed. The various formats arc described briefly below. 

In a heterogeneous assay system, eitor to human phosphatase polypeptide or to mteracttv. 
cchular or extracelhdar binding partner, is anchored onto a solid surface, while to non-anchored 
species is l3 beled, eitor dhecuy or indhecdy. In practice, miootitie p.ates arc convemenu, uhh*d. 
L anchored species can he immobile by non-covalen, or covalen. auachments. No,cov^ 
a^achmen, can he accomplished simply by coating to solid surface with a solution of to human 
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phosphatase po.ypep.de or blowing partner and d*ng. Actively, an 

specific for toe specie, .0 be anchored can be used to anchor ft. species to toe soud surface. The 

surfaces can be prepared in advance and stored. 

» ortUr .0 conduct to. assay, the partner of toe immobilized species is exposed to the coated 
surface with or without the rest compound. After toe reaction is complete, onreacted components are 
^(e^hyw^^enyc^e^f^wmrenremimn^onftreaoUd^ce. 

Th, derectioo o, complexes anchored on toe send surface e» he accomplished in . . 
Where the non-immobiliaed species is pre-labded, toe detection o, .abel itnmobtozed on toe mface 
iudics.es tout complexes were formed Where me non-immobiliaed species 1. not pre.,*el^an 
indirect H can be used .0 de.ee. complexes »chored on toe surface; e.g., using a labeled antibody 
specific for toe initially non-immobilized spares (toe antibody, in mm, can he direcdy labeled or 
Lreody .abelcd wito a labeied anti-fg antibody). Depending upon toe order of addition o, reaction 
compels, rest compounds which inhihi, eomp.ex formation or which disrupt preformed 

complexes can be detected. , „„„„ nf 

Alternatively, toe reaction can be conducted in a liquid phase in tire presence or absence of 
ft. res, compound, toe reaction products separared ftom unreaCed components, and complexes 
de.ec.ed-, e,g., using an immobile antibody specific for on. of toe binding compo.cn. ^ -» 
any complexes formed in so.u<ion, and a labeled antibody sp^ific for tire other partner . derec. 
anchored complexes. Again, depending upon toe ord* of addition o, reactants 

h, an alternate embodiment of toe invention, a homogeneous assay can be used. In tins 
^ a preformed comprex of tire bureau phosphamse pmypeptide and the interactive cetiular or 

or toeir binding partners are labeled, but toe sign* generated by .be label . quenched doe .0 
compiex formation (see, e.g. U.S. Pa, No. 4,109,4,6by Ruberatein which otilixea toss **** 
tamunoassays, The addition o, a re, substance ton. comperes with and displays on. of * 
6o » are preformed complex will result in toe generation of . signa! *ove background tins ^ 
res. subslces which disn.p. human phosphamse polypeptide -celMar or extraceUular bmdmg 

partner interaction can be identified. 

ta a particular embodimen, toe human phospbarese polypeptide can be prepared for 
. taction using recombinan, DNA reohniques known in tire art. For example, toe human 
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phosphatase polypeptide coding region can be fused to a glutatbio.cS -transferase (GST) gene using 
a fusion vector such as pGEX-5X-l, in such a manner that its binding activity is maintained in the 
resulting fusion product. The interactive cellular or extr^ellular product can be purified and used to 
raise a monoclonal antibody, using methods routinely practiced in the art and described above. This 
antibody can be labeled with the radioactive isotope .sup.125 I, for example, by methods routinely 
practice, in the art. In a heterogeneous assay, e.g., the GST- human phosphatase polypeptide fusion 
product can be anchored to glutathione-agarose beads. The interactive cellular or extracellular 
binding partner product can then be added in the presence or absence of the test compound m a 
nttnner mat allows interaction and binding to occur. At the end of the reaction period, unbound 
material can be washed away, and the labeled monoclonal antibody can be added to the system and 
allowed to bind to the complexed components. The interaction between the human phosphatase 
polypeptide and the interactive cellular or extracellular binding partner can be detected by measunng 
the amount of radioactivity that remains associated with the glutathione-agarose beads. A successful 
inhibition of the interaction by the test compound will result in a decrease in measured radioactivity. 

Alternatively, the GST- human phosphatase polypeptide fusion product and the interactive 
cellular or extracellular binding partner product can be mixed together in liquid in the absence of the 
solid glutathione-agarose beads. The test compound can be added either during or after the bmdmg 
partners are allowed to interact. This mixture can then be added to the glutathione-agarose beads and 
unbound material is washed away. Again the extent of inhibition of the binding partner interacts 
be detected by adding the labeled antibody and measuring the radioactivity associated with the 



can 
beads 



la another embodiment of the invention, these same techniques can be employed using 
peptide fragments that correspond to the binding domains of the human phosphatase polypeptide 
product and the interactive cellular or extracellular binding partner (in case where the bmdmg 
partner is a product), in place of one or both of the full length products. 

Any number of methods routinely practiced in the art can be used to identify and isolate the 
protein's binding site. These methods include, but are not limited to, mutagenesis of one of the genes 
encoding one of the products and screening for disruption of binding in a co-immunopreciptation 
assay. Compensating mutations in the gene encoding the second species in the complex can be 
selected. Sequence analysis of the genes encoding the respective products will reveal the mutations 
that correspond to the region of the product involved in interactive binding. Alternatively, one 
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product can be anchored to a solid surface using methods described in this Section above, and 
allowed to interact with and bind to its labeled binding partner, which has been treated with a 
proteolytic enzyme, such as trypsin. After washing, a short, labeled peptide comprising the binding 
domain can remain associated with the solid material, which can be isolated and identified by amino 
acid sequencing. Also, once the gene coding for the cellular or extracellular binding partner product 
is obtained, short gene segments can be engineered to express peptide fragments of the product, 
which can then be tested for binding activity and purified or synthesized. 



Bsflmrie^acamElell - Isolation Of A Specific Clone From The Deposited Sample. 

^^^^n^d^ositedmaterial in the sample assigned the ATCC Deposit Number cited in Table 
any given cDNA clone also may contain one or more additional plasmids, each comprising a cDNA 
clone different from that given clone. Thus, deposits sharing the same ATCC Deposit Number 
contain at least a piasmid for each cDNA clone identified in Table L Typically, each ATCC deposit 
sample cued in Table T comprises a mixture of approximately equal amounts (by weight) of about 1- 
10 piasmid DNAs, each containing a different cDNA clone and/or partial cDNA clone; but such a 
deposit sample may include plasmids for more or less than 2 cDNA clones. 

Two approaches can be used to isolate a particular clone from the deposited sample of 
piasmid DNA(s) cited for that clone in Table L First, a piasmid is directly isolated by screening the 
clones using a polynucleotide probe corresponding to SEQ ID NO:l49, 151, 7, 9, 41, or 108. 

Particularly, a specific polynucleotide with 30-40 nucleotides is synthesized using an Applied 
Biosystems DNA synthesizer according to the sequence reported. The oligonucleotide is labeled, for 
instance with 32P-(-ATP using T4 polynucleotide kinase and purified according to routine methods. 
(Eg Maniatis et al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Press, Cold 
Spring NY (1982).) The piasmid mixture is transformed into a suitable host, as indicated above 
(such as XL-) Blue (Stratagene)) using techniques known to those of skill in the art, such as those 
provided by the vector supplier or in related publications or patents cited above. The informants 
are plated on 1.5% agar plates (containing the appropriate selection agent, e.g., ampicillm) to a 
density of about 150 transformants (colonies) per plate. These plates are screened using Nylon 
membranes according to routine methods for bacterial colony screening (e.g., Sambrook et al., 
Molecular Cloning: A Laboratory Manual, 2nd Edit., (1989), Cold Spring Harbor Laboratory Press, 
pages 1.93 to 1 .104), or other techniques known to those of skill in the art. 
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Alternatively, two prime, of 17-20 oucW.de* derived from bod, end, of*. , SEQ ID 
N0149 151. 7, 9, 41, or ,08 (i.e„ within *e region of SEQ ID N0.149, 151, 7, 9. 41 or 108 
bounded by the 5' MT and the 3' NT of ore Cone defined in Table D are syntosized and use. » 
^ to deshed cDNA using to deposed cDNA p.a.nuo as a -empla*. Toe P*-~ <*» 

above cDNA .empla*. A convenient reaction mixbne la 1,-5 * 
gelatin. 20 uM eacb of dATP, dCTP, dGTP, dTTP, 25 pmo! of each primer and 0.25 lint, of T* 
polymerase. Thirry five cyclea of PCR (deration at 94 degree C for 1 nun; ann^ng 
degC C for 1 mhv, elongation a, 72 degree C for 1 min) are performed wtih a Perbn-Bhner «- 
-L— tonnal eye!., The antpbfled product la arralyaed by aga.se gel eiectiophorosts and to 
DNA band art* expected molecuiar weigh, is excised and purified. The PCR product ts venfted to 
be to selected sequence by snbcloning and sequencing to DNA product. 

a^l^^EEfelS-TteueDiarributioaOfPolypeptide. 

Tissue dilution of mRNA expmesion of polynucleotides of to prosen, u-vetmon , 
determined using prowls for Nortorn bio, analysis, described by, among otora, Sambrook e< aL 
For example, a cDNA probe produced by to medmd described in Exampie 10 is labeled wh P 32 
using to rediprime « DNA labeling sysrem (Ameatam Ufe Sdenee), according ,o manu actiner s 
aliens. After iabeung, to probe is purified naing CHROMA SPINO-100 
Lab—, Inc.) according ,o nsannfacuner'a protocol number FT1200-1. The punfied labe.ed 
probe is ton used to examine various tissues for mRNA expression. 

Tissue Norton, Mots eon,aining to bound mRNA of various .issues are examroed wtih to 
Ubeled probe using Expression hybridization solution (donaeC according ,o manufacnue* 
protoco. number FTU90-1. Northern bio* can be produced using various pro,oco«s well known . 
to art (e ... Sambrook e, a!). Followiog hybridization and washing, to bio* are mounted and 
exposed m fito « -70C overnight and to films developed according ,o s,andaro procedures. 

&aBvM3 B ! am I 4el6 - Chromosomal Mapping Of The Polynucleotide, 

An ohgooucleotide primer m is designed according to to sequence a, to 5 end of SEQ ID 
NO-149 151 7, 9,41. or 108. This primer preferably spans about 100 nucleotides. This pnmeraeUs 
tben used in 1 polymerase chain reaction under to following ae, of conditions: 30 seeonds.95 degree 
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C 1 mhune, 56 dcg.ee C; 1 minute, 70 degree C. Thi, cycle is repeal 32 times Mo^by one 5 
minute cyde at 70 degree C. Mammalian DNA. preferably human DNA, is used as template ,n 
addition to a somadc eel! hybrid panel containing individual chromosomes or chromosome 
fragments (Bios, Ine). The reactions are analyzed on enter 8% polyacrylamide gels or 3^ % ag»os, 
get. Chromosome mapping is de.ennined by .he presence of en appmximately 100 bp PCR 
fragment in the particular somatic cell hybrid. 

fe^apl^ExamElel? - Bacterial Expression Of A Polypeptide. 

A polynucleotide encoding a polypeptide of the present invention is amplified usxng PCR 
oligonucleotide primers corresponding to the 5' and 3' ends of the DNA sequence, as outlined » 
Example 10, to synthesize insertion fragments, The primers used to amplify the cDNA insert should 
preferably contain reaction sites, such as BamBI and Xbal. at the 5' end of the primers in order to 
clone the amplified product into the expression vector. For example, BamHI and Xbal correspond to 
the restriction enzyme sites on the bacterial expression vector pQE-9. (Qiagen, Inc. Cnatsworth, 
CA) This plasmid vector encodes antibiotic resistance (Ampr), a bacterial origin of replicaUon (on), 
an IPTG-regulatable promoter/operator (P/O), a ribosome binding site (RBS), a 6-histidine tag (6- 
His) and restriction enzyme cloning sites. 

The pQE-9 vector is digested with BamHI and Xbal and the amplified fragment is ligated 
into the pQ>9 vector maintaining ibe reading frame initiated at the bacterial RBS. The ligation 
mixture is then used to transform the E. coli strain M15/rep4 (Qiagen, Inc.) which contains mumple 
copies of the plasmid P REP4, that expresses me lad repressor and also confers kanamycm resistance 
(Kanr) Transformants are identified by their ability to grow on LB plates and ampiciUhVkanamycm 
resistant colonies are selected. Plasmid DNA is isolated and confirmed by restriction analysis. 

Clones containing the desired constructs are grown overnight (O/N) in liquid culture m LB 
media supplemented with both Amp (100 ug/ml) and Kan (25 ug/ml). The O/N culture is used to 
inoculate a large culture at a mio of 1:100 to 1:250. The cells are grown to an optical densrty 600 
(O D 600) of between 0.4 and 0.6. IPTG (Isopmpyl-B-^tbiogalacto pyranoside) is then added to a 
final concentration of 1 mM. IPTG induces by inactivating the lad repressor, clearing the P/O 

leading to increased gene expression. 

Cells are grown for an extra 3 to 4 hours. Cells are then harvested by centrifugation (20 nuns 
at 6000X g ). The cell pellet is solubilized in the chaotropic agent 6 Molar Guanidine HC1 by stirrmg 
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for 34 hours at 4 degree C. The cell debris is removed by centrifugation. end the supernatant 
containing the polypeptide is loaded onto a nicM-nMlo-Ur-acetic acid ("Ni-NTA") affinity main 
co) „mn (available from QIAGEN, Inc.. supra). Pr<*ems wim a 6 * His .agbind to <be Ni-NTA ream 
with high affinity and can be purified in a staple one-step procedure (for details see: The 
OIAexpressionist (1995) QIAGEN, Inc., supra). 

Briefly the supernatant is loaded onto the column in 6 M gntutidme-HCl, pH 8, the column ts 
« washed with 10 volumes of 6 M guanidine-HCl. pH 8, then washed with 10 volumes of 6 M 
guanidine-HCl pH 6, and finally the polypeptide is eluted with 6 U guanidine-HCl. pH 5. 

The purified protein is then tenanted by dialyzing it against phosphate-buffeted salute (PBS) 
or 50 tnM Na-acetam, pH 6 buffer plus 200 mM NaQ. AlternaUvely. tite ptotein can be successfully 
refolded while immobilized on the Ni-NTA column. The recommended conditions are as follows: 
rentuure using a linear 6M-.M men gradient in 500 mM NaCl. 20% glycerol. 20 mM Ttia/HCl pH 
7 4 containing protease inhibitors. The renaurration should be performed over a penod of 1.5 horns 
or more. After renatumion the proteins are eluted by me addition of 250 mM imidazole. Imidazote 
is removed by a final dialyzing step against PBS or 50 mM sodium acerate pH 6 buffer plus 200 mM 
NaQ. The purified proteta is stored at 4 degree C or frozen at -SO degree C. 

TmmT ,.-.™ p..i« - Purification Of A Polypeptide From An Inclusion Body. 

The following alternative mefttod can be used to purify a polypeptide expressed in E coh 
when it is present m the form of inclusion bodies. Unless otherwise specified, all of tite following 

steps are conducted at 4-10 degree C. 

Upon completion of the production phase of the E. coli fermentation, the cell culture is 
cooled to 440 degree C and the cells harvested by continuous centrifugation at 15,000 rpm (Heraeus 
Sepatech). On the basis of the expected yield ofproteinper unit weight of cell paste and the amount 
of purified protein required, an appropriate amount of cell paste, by weight, is suspended m a buffer 
solution containing 100 mM Tris, 50 mM EDTA, P H 7.4. The cells are dispersed to a homogeneous 

suspension using a high shear mixer. 

The cells are then lysed by passing the solution through a microfluidizer (Microflrndtcs, 
Corp or APV Gaulin, Inc.) twice at 4000-6000 psi. The homogenate is then mixed with NaQ 
solution to a final concentration of 0.5 M NaCl, followed by centrifugation at 7000 xg for 15 mm. 
The resultant pellet is washed again using 0.5M NaCl, 100 mM Tris, 50 mM EDTA, pH 7.4. 
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The resulting washed inclusion bodies are solubilized with 1.5 M guanidine hydrochloride 
(GuHCl) for 2-4 hours. After 7000 xg centrifugation for 15 mh,, the pellet is discarded and the 
polypeptide containing supernatant is incubated at 4 degree C overnight to allow further GuHCl 

extraction. . ri 

Followtag bigh speed eeutiiiugtition (30,000 xg) to remove resoluble particles, the GuHCl 

solubUized protein is refolded by quickly mixing the OuHCl exttsct with 20 volumes of buffet 
contatareg 50 mM sodium, pH 4.5, 150 mM U 2 mM EDTA by vigomos soaring. The refolded 

steps. 

To clarify the refolded polypeptide solution, a previously prepared tangential filtration unit 
equipped with 0.16 urn membrane filter with appropriate surface area (e.g., Filtron), equilibrated 
with 40 mM sodium acetate, P H 6.0 is employed The filtered sample is loaded onto a cation 
exchange resin (e.g., Poros HS-50, Perceptive Biosystems). The column is washed with 40 mM 
sodium acetate, P H 6.0 and eluted with 250 mM, 500 mM, 1000 mM, and 1500 mM NaCl in the 
same buffer, in a stepwise manner. The absorbance at 280 nm of the effluent J, continuously 
monitored. Fractions are collected and further analyzed by SDS-PAGE. 

Fractions containing the polypeptide are then pooled and mixed with 4 volumes of water. 
The diluted sample is then loaded onto a previously prepared set of tandem columns of strong anion 
(Poros HQ-50, Perceptive Biosystems) and weak anion (Poros CM-20, Perceptive Biosystems) 
exchange resins. The columns are equilibrated with 40 mM sodium acetate, pH 6.0. Both columns 
are washed with 40 mM sodium acetate, pH 6.0. 200 mM NaCl. The CM-20 column is then eluted 
using a 10 column volume linear gradient ranging from 0.2 M NaCl, 50 mM sodium acetate, pH 6.0 
to 1 0 M NaCl, 50 mM sodium acetate, P H 6.5. Fractions are collected under constant A280 
monitoring of the effluent. Fractions containing the polypeptide (determined, for instance, by 16% 

SDS-PAGE) are then pooled. 

The resultant polypeptide should exhibit greater than 95% purity after the above refolding 
and purification steps. No major contaminant bands should be observed from Coomassre bine 
stained 16% SDS-PAGE gel when 5 ug of purified protein is loaded. The purified protein can also be 
tested for endotoxin/LPS contamination, and typically the LPS content is less than 0.1 ng/ml 
according to LAL assays. 
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ten^mSSteM - Cta* And Expt^ou Of A Polypeptide lo A Bacutovirus 

Expression System, ^ 

to to example, (he plasmid shuttle vector pAc373 is used to insert a polynucleotide otto a 
baC ulovhus . express a peptide. A typical baculovixos expression vector conurins the strong 
polyhedrin ptomoter of the Autographa califotnica nuetear polyhedtosis vitus (AcMNPV) followed 
by convenient mstriction sites, which may include, for example BamHI, Xba I and Asp718. The 
polyadenylatio. site of the simian ,1ms 40 ("SV40") is often used for efficient polyadenylation. For 
easy selection of tecombinanc virus, the plasmid contains .he beu-galaansidase gen. from E. cob. 
under conttol of a weak Drosophila promoter in the same orientation, followed b, the 
polyadenylation signal of tite polyhedrin gene. The insetted genes a» flanked on bom sides by vnal 
sequences for cell-mediated homologous recnmbination with wild-type viral DNA to generate a 
viable virus that express the cloned polynucleotide. 

Many other baculovirus vectors can be used in place of the vector above, such as pVL941 
and pAcIMl, as one skilled in the art would readily appreciate, as long as the construct provides 
appropriately located signals for transcription, translation, secretion and the like, including a signal 
peptide and an in-frame AUG as required. Such vectors are described, for instance, in Luckow et al., 

Virology 170:31-39 (1989). 

A polynucleotide encoding a polypeptide of the present invention is amplified using PCR 
oligonucleotide primers clouding to the 9 and 3' ends of the DNA sequence, as outlined m 
Example 10, to synthesize insertion fragments. The primers used to amplify the cDNA insert should 
preferably contain resuiction sites at the 5" end of the primers in order to clone the amplified product 
into the expression vector. Specifically, the cDNA sequence contained in the deposited clone, 
including the AUG initiation codon and the naturally associated leader sequence identified elsewhere 
herein (if applicable), is amplified using the PCR protocol described in Example 10. If the naturally 
occurring signal sequence is used to produce the protein, the vector used does not need a second 
signal peptide. Alternatively, the vector can be modified to include a baculovirus leader sequence, 
using the standard method, described in Summers et al., "A Manual of Methods for Baculovirus 
Vectors and Insect Cell Culture Procedures," Texas Agricultural Experimental Station Bulletin No. 
1555 (1987). 



-32- 



PAGE 39/140 * RCVD AT 5i31/2005 4:30:37 PM [Eastern DayOght Time] * SVR:USPT0-EFXRF.1/1 1 * DHIS:8729306 * CS!D:6092524526 * DURATION ^nm^s):45-24 



MAY. 31.2005 4:43PM 8MS PATENT DEPT NO. 3153 P. 40/140 

CASEDOo/^iNf 

The fragment is iaotofcd from a 1* agarose gel using a commercial available kit 

COenedean,- BIO 101 toe. La ft* Ca.). The fragment too is digested * appropnate 
restriction enzymes and again purified on a 1* agarose gel. 

The piasmid is digested with the cormapondtog restriction enzymes and opdonally, can be 
dephoaphoryiated using calf totesftnal phosphate, using murine procedures known in the art The 
£ is then iso,a,ed tarn a » agarose gelusing a commercially available M, BIO 

101 Inc., La Jolla, Ca,)- _ _ VTA - 

The fiagme* and *e dephosphorytofcd plasmid are ligamd togedter with T4 DNA bga.eE. 
c„HHB101oroU K r^.ab.eE.c„U*os B s»ch M XI.lBlue( S u^geneaon i ng S y 3 .e«,LnIoUa. 

- n -***«-*"" ,,,, " i * ,pte,, * i, :T7 

to pl azmid am idenrified by digesting DNA from individual colonies and analyzing the dtgesdon 
proL by ge. eiecoopnoresis. The sequence of the cloned fragment rs confirmed by DNA 

ug o, a plasmid — g me polynudeotide is conformed widt 1.0 ug of a 
commerdnlly uvariable linearized bacutovuns DNA rBacmoGoldfrn bactdovmrs DNA 
Pharmingen, San Diego, CA), using me ilpofection method described by Feigner e, a! Proc NatL 
Id. si USA M :7413-74>7 (,9*7,. One ug of BacuioOoldrin vims DNA and 5ug of dre plaamtd 
axe ndxed in a sterile weft of a microdter piate containing SM of seram-fre. Grace s medtum (Ufc 
Oologies Inc.. Oaid^burg, MD). Afterwards, ,0 m Upotocdn plus 90 ul Gmce s medtum am 
added, 1* and incubated for 15 minutes - mom fcmperature. Then me tranafecdon mntmm . 
added drop-wise to SB insect cells (ATCC CM. 1711) seeded in a 35 mm rissue cnlturc P .am ^ 
M Grace's medium without scum. The plate is men incubated for 5 hours a. 27 degmes C » 
mansion aoiurion is dten removed from the p,ate and 1 ml of Ozac* ---- 
supp.emen.ed with 10% to* calf serum is added Culdvalion is the. condnued at 27 depees 

^ four days dre supernatant is collect and a plague assay is performed, as described by 
Summem and Smim, supm. An agarose ge, with "Btoe Oal" (Life Technologies toe Oatthcmburg, 
. used to allow easy idendficadon and isoladon of gal-eapressing ctanea, 
M plaques. (A derailed deacripdon of a -plaque assay of this type can also be found . *. 
^ J for insect ceU culture and baculovirolog, debuted by Ufa «es ^ 
Oaidreraburg, page 9-10.) After appropriae incubadon, bhte stained piaques am ptczed wtth the ftp 
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of a mtaopipettor <e.g„ Bppendorf). The agar containing ft. recombinant viruses . then 
msuspendcri in a microcemrifuge ntbc containing 200 ul of Grace's medium and the suspensron 
containing the recombinant baculovirus is «d to infee. Sf9 eel, sendeo in 35 mm dishes. Four days 
later the supernatant* of these culture dishes are harvested and then they are stored « 4 degree C. 

To verify the expression of the polypeptide, SB cells are grown in Grace's medium 
supplemented with 10% heat-inactivated FBS. The cells are infested with ore lecombnant 
baculovirus containing the polynucleotide at a multiplicity of infection COT - ' 
radiolabeled proteins are desired, 6 hours later the medium is removed and is replaced with SF900 II 
.uedium mints methionine and cysteine (avaflable from life Technologies Inc., Rockvdle, MD). 
After 42 hours, 5 uCi of 35S-methiooine and 5 uCi 35S-cyateine (available ton, Amersham) are 
added. The cells am further incubated for 16 hours and then are harvest* b, cennifugatton. The 
prorems in the supernatant aa well as the ImmoeMar proteins are analyzed by SDS-PAGE followed 

by autoradiography (if radiolabeled). 

Microsequencing of die amino acid sequence of the amino terminus of purified protem may 
be used to determine the amino terminal sequence of the produced protein. 

B )teJB pja4^^amjele20 - Expression Of A Polypeptide In Mammalian Cells. 

The polypeptide of the preseat invention can be expressed in a mammaliaa cell. A typical 
.ammalisn expression vector osteins a promoter element, which mediates the initiation of 
inscription of mRNA, a protein coding sequence, and signals required for the termmation of 
.ranscription and polyadenylation of tire transcript. Additional elements include enhancers, Koxak 
sequences ^ intervening sequences flanjeed by donor and acneptor sites for RNA spUcmg. Htghly 
efficient transcription is achieve* with tire early and late promoters from SV40, me long ternuna. 
—as (LTRs) from Retroviruses, e.g., RSV, HTLVI, HTVI and me early promoter of tire 
emmegdovtas (CMV). However, ceUular- elements can also be use4 (e.g., me human actm 

""""Imtabte expression vectors for use m practicing the present invention include, for example, 
vectors such as pSVL and pMSG tjctamacia, Uppsala, Sweden), pRSVca. (ATCC 37!52), 
pSV2dhfr (ATCC 37146), pBC12MI (ATCC 67109), pCMVSport 2.0. and pCMVSpor. 3.0. 
Mammalian host cells mat comd be used include, human Hela, 293, H9 and Jurka. cells, mouse 
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NIH3T3 and C127 cdls, Cos 1, Cos 7 and CW. v* QC1-3 cells. mouse L coUs and Chinese 

hamster ovary (CHO) cells. t t 

Mtemattvely, to polypeptide can be express in stable cell lines — ng to 
polynucfeoride in.egra.ed into a cbzomosome. Tbe co-transformation with a selectable marker such 
as dhfr, 0. neomycin, hygromycin allows to ide.Uflca.ion and Nation of to transformed 

The transformed gene can also be amplified to express Urge amounts of me encoded protem 
The DHFR (dihydrofolate redness.) marker is useful in developing cell lines ma. entry several 
hmte d or even several thousand copies of me gene of taML (See. £ ** 
Chen, 253:1357-1370 (1978); Handin, J. L. and Ma, C. Biochen, e. Biophy, Acu. 1097:107-143 
(lW0): Page, M. , and Sydenham, M. A., Biotechnology 9*4,8 <199».) " 
roar** is me enzyme glutemine synthase (OS) (Mmphy « al., Brochem J. 227.277-279 (199 ), 
Bebbington e. al., Biotechnology ,0,169-175 (1992). Using these markers, .he mammahan cells 
are grown in selecflve medium and to cells with to highea. France are select These ceU hues 
con** me amphfied gene© integrated inro a chromosome. Chineae hamster ovary (CHO) and NSO 
cells are often used for the production of proleins. 

A polynucleotide of to present invendon is amplified according .0 the protocol outhned m 
herein. If to oaturaUy occurring sipral s^uence is used .0 produce to protein, to vecror does no. 
need a second signal peptide. Alternately, if to naturally occurring signal sequence is no. used, to 
vector can be modified to include a hctemlogous signal sequence. (See. e.g., WO 96/34891.) The 
ampiified flagmen, ia isolated ftom a 1% agarose gel using a commercial!, available tag 
(■rLclean.- BIO 10. Inc., La lollr, Ca.). The flagmen, ton is digested with appropnate 
restriction enzymes and again purified on a 1% agarose geL 

The amplified fragment is ton digested with to same rearricdon enzyme and punned on a 
,* agarose gel. The isolated flagmen, and to dephosphorylated venter am ton ligated m* T4 
DNA lig^e. E. coU HB101 or XL-1 Blue ceUs am ton n«nsforme4 and bacteria are tdenttfied to. 
contain to fragment inserted into plasmid pC6 using, for instance, restriction enzyme encysts. 

Chinese hamster ovary cells lacking an active DHFR gene is used for h-ansformation. Ftve pg 
„, an expression plasmid is cotmnsformed with 0.5 ug of to plasmid pSVneo using Hpofecftn 
(Feigner e. al.. supra). The plasmid P SV2-ceo contains a donrinan, select marker, to neo gene 
fwm Tn5 encoding an enzyme to. confers resistance to a group of abodes mcludmg 0418. The 
celb are seeded in alpha minus MEM supplemented with 1 mg/ml 0418. After 2 days, to cells are 
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^ and seeded to hybrids doning plates (Gmtoer, Germauy) . alpha - * 
Rented with .0. 25. or 50 ng/ml of me™ ptas , mg/ml G418. After about 10-14 <fcy 
i Cones are uypsinized and then seed* to 6-well peui diahes or 10 ml flas* usmg thfferen, 
coLrafiona o, method (50 .M, ,00 nM, 200 nM. 400 nM. 800 nM). Clones growing a. 0. 
M^es, —afioos of ******** are then nunsfecred to new 6-we.. plates contauung even 
Mgirerconceu.rauons of melted nM.2nM.5uM. 10 mM, 20 ruM). The same procedure 
repeated until clones are obnnned wh-ch gmw a, a concenUnuon of 100 - 200 uM. Express of to 
desired gene product is analyzed, for instance, by SDS-PAGE and Western blot or by reversed phase 
tfPLC analysis. 

n.nn,nli. I TRxample 21 • Protein Fusions. 

Tbe polypepddes of Ore present to.en.ion are preferably fosed ,0 other proterns. These foaron 
prereins canbeuaedfor a variety of applicafions. For example, fosion of to present polypeptrfesto 
L-,ag, HA-tag, protein A, IgG donrains, and nraltose binding proteto 

Bxampre described herein; see also BP A 394,827; Traunecker, et al„ Nature 331:84-86 (1988).) 
Similarly, fusion to IgG-1, IgO-3, and albumin increases the half-fife time in vivo. Nucenr 
localization aignala fused to the polypeptides of me present invention can target the protem to a 
specific subcellular localization, while covalen. heterodimer or homodimera can increase or decrease 
to actfvity of a fusion protein. Fusion promina can to create cbimeric moteculea having more man 
«. fuocdon. Fmany. fusion prorems can increase solubilhy and/or ability of to fused pruten. 
compared to to non-fused prorein. AU of to types of foston proteins described above can be made 
bymwi ifym6.hefoUowto S pmtoo 1 ,«mChoudine S tofosionofapolypepUde to an ) gGmolecn.e 

Briefly, to human Fc pordon of to IgO molecule can be PCR amplified, nstag pruners to. 
span to 5' and 3' ends of to sequence described below. These primers aiso should have convenient 
restticdon enzyme sires that will facilitate cloning into an expression vector, preferably a 
mammalian expression vector. Note tot to polynuclecfide is cloned without a stop codon, 
otherwise a fusion prorein will not be produced. 

Tbe naturally occurring signal sequence may be used to produce to proton, (rf apphcable). 
Ahemadvely, if the nauuaUy oocuning signal sequence is no. used, the vector can be «dUrt» 
mctode a heterologous signal sequence. (See. e.g„ WO 96V3489, and/or US Parent No. 6.066.781, 



supra.) 
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Human IsG Fc regjon: 

OMATCCGGACSCCCAAATCnCrOACAAAACTCACACATGCCCACCOTGCCCAG 
CACCrGAATTCGAGQGTGCACCGTCAGTCTrCCTCTTCCCCCCAAAACCCAAOOACACC 
CTCATGATCTCCCGGACT<XTGAGGTCACATGCGTGGTGGTGGACGTAAGCCACGAAGA 
CCCIGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACA 
AAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCC 
TGCACCAGGACTGGCTGAATGGCAAGOAGTACAAGTGCAAGGTCTCCAACAAAGCCCr 
CCCAACCCCCATCGAGAAAACCATCrCCAAAGCCAAAGGGCAGCCCCGAGAACCACAG 
GTGTACACCCTGCCCCCATCCCG1GGATGAGCTGACCAAGAACCAGGTCAGCCTGACCTG 
CCTGCyrCAAAGGCTrcrATCCAAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAG 

ccggagaacaactacaagaccacgcctcccg^^^ 

CTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACG'TCTTCrCATGC 
TCCGTGATG^TGAGGCl^GCACAACCACrACACGCAGAAGA^CTCrrCCCrGTCrCC 

GGGTA AATGAGTGCGACGGCCGCG ACTCTAGAGG AT (SEQ ID NO:76) 

BtMB ^fe S m^-P«Kh.cao«OtA.A^b^yEW m APol J p e ptld«. 

m antibodies of the present Invention can be prepared by a variety of methods. (See 
Current Pro.cc*, Chapter 2.) As one example of such methods, cells expressing a potypepbdc o, 
ft. present invention a. adored » . annua! ,0 induce rhe producuon of sera — a. 
polyclonal aatlbodres. to a preferred method, a preparation of the protein is prepared and punned ,0 
render it substantially free of natural conutminants. Such a preparation la then introduced reto an 
animal in enter to produce polyclonal atdisera of greater specific activity. 

to the most preferred method, the antibodies of the present invention am monoclonal 
antibodies (or pmtein binding fragments ttereof). Such monoclonal 

^bodies can be prepared using hybridoma technology. (Kohlcr et ah, Nautre 256:495 975, 
Kdnler et ah, Bur. J. Immunol. 6:511 (1976): 1C.oh.er e, a... Bar. J. Immtnuu. 6:292 U976) 
Hammeriing e. al., in: Monoclonal Antibodiea and T-Cel. Hybridomas, Elsevier, N.Y., pp. 563-681 
(1981)) In general, such procedures involve immunizing an animal (preferably a mouse) wtth 
polypeptide or, more preferably, with a polypepdde^pressing cell. Such ceUs may be cnnured m 
Zy suitabre tone culture medium; however, it is preferabie .0 cuhure celb in Earle, ntodtfied 
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Eagle's medium supplemented with 10% fetal bovine serum (inactivated at about 56 degrees C), and 
supplemented with about 10 g/1 of nonessential amino , acids, about 1,000 U/ml of penicalhn, and 

about 100 ug/ml of streptomycin. 

The splenocytes of such mice are extracted and fused with a suitable myeloma cell line. Any 
suitable myeloma cell line may be employed in accordance with the present invention; however, it is 
preferable to employ the parent myeloma cell line (SP20), available from the ATCC After toon, 
the resulting hybridoma cells are selectively maintained in HAT medium, and then cloned by 
limiting dilution as described by Wands et al. (Gastroenterology 80:225-232 (1981).) The hybridoma 
cells obtained though such a selection are then assayed to identify clones which secrete antibodies 

capable of binding the polypeptide. 

Alternatively, additional antibodies capable of binding to the polypeptide can be produced in 
a two-step procedure using anti-idiotypic antibodies. Such a method makes use of the fact that 
antibodies are themselves antigens, and therefore, it is possible to obtain an antibody that binds to a 
second antibody. In accordance with this method, protein specific antibodies are used to immunize 
an animal, preferably a mouse. The splenocytes of such an animal are then used to produce 
hybridoma cells, and the hybridoma cells are screened to identify clones that produce an antibody 
whose ability to bind to the protein-specific antibody can be blocked by the polypeptide. Such 
antibodies comprise anti-idiotypic antibodies to the protein-specific antibody and can be used to 
immunize an animal to induce formation of further protein- specific antibodies. 

It will be appreciated that Fab and F(ab')2 and other fragments of the antibodies of the 
present invention may be used according to the methods disclosed herein. Such fragments are 
typically produced by proteolytic cleavage, using enzymes such as papain (to produce Fab 
fragments) or pepsin (to produce F(ab')2 fragments). Alternatively, protein-binding fragments can be 
produced through the application of recombinant DNA technology or through synthetic chemistry. 

For in vivo use of antibodies in humans, it may be preferable to use "humanized" chimeric 
monoclonal antibodies. Such antibodies can be produced using genetic constructs derived from 
hybridoma cells producing the monoclonal antibodies described above. Methods for producing 
chimeric antibodies are known in the art. (See, for review, Morrison, Science 229:1202 (1985); Oi et 
al BioTechniques 4:214 (1986); Cabilly et al., U.S. Patent No. 4,816,567; Tanigncbi et al., BP 
171496; Morrison et al.. EP 173494; Neuberger et al., WO 8601533; Robinson et al., WO 8702671; 
Boulianne ct al., Nature 312:643 (1984); Neuberger et al., Nature 314:268 (1985).) 
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Moreover, in another preferred method, tire antibodies directed against me polypeptides of 
to present invention may be produced in plan*. Specific methods are disced in US ParentNoa 
5 959 177 and 6,080.560. which are hereb, incorporafed in rheir M herein. The methods no, 
„h» describe methods o, expressing antibodies, but alao me a- of assembling foreign mummed 
p^ms in plants (i.e.. antibodies, etc.). and me subsequent section of such antibod.es from me 
plant 

B(H ^EMaU»fe32 • Regnlation of Protein Expression Via Controlled Allegation to The 

Endoplasmic Reticulum. . 

As described more particularly herein, proteins regulate diverse cellular processes » lughm 
organisms, rangnrg from rapid metabolic changes to grow* and differentiation. Inched 
production ofapecific proteins oonld be nsed ti. movent certain diseases and/or disease states. Thna 
L ability ro moduhde the expression of specific proteins in an organism would provrde srgnrfican, 

benefits, . , A 

Numerous memods have been developed ro d*e for introducing foreign genes, ether under 

the contix,! of an inducible, constitutive,, active, or endogenous promoter, into orgamsma. Of 

particular inures, are the inducible promoters (see. M. Gossen, =. aL, Proc. Natl. Acad, Sc. USA., 

89 5547 (1992); Y. Wang, e, a]., Proc. Natt. Acad. ScL USA, 91:8180 (1994), D. No., e. al„ Proc. 

Nati Acad. Sci. USA, 93:3346 (1996); and V.M. Rivera, e, aL, Nature Med, 2:1028 (1996); m 

addition to additional examples disclosed elsewhere hemic). In one example, the gene for 

eruuopoietin (Bpo) was tiansferred Wo mice and primates under me cento, of a smaU — 

inducer for expression (e.g., .etracyenne or rapamycin) (see, D. Bohl, et al„ Blood, 92:15,2, (1998,, 

K O. Rendahl, e, a,., Nat. Biotech, ,6:757, (1998); V.M Rivera, e, rd„ Proc. Null. Acad. Sc. USA 

96-8657 (1999); and XTe « al., Science, 283:88 (1999). Although such systems enable efficren, 

induction of the gene of interest in me organism upon addition of the inducing agent &.e 

■euacycline. rapamycm, etc,.), me leveis of expression tend to pea* a. 24 hours and «-ar, off to 

background leve>s after 4 to 14 days'. Thus, centred transient expression is tftudt, rmpossmle 

using these systems, though such control would be desirable. 

A new alternative method of controlling gene expression levehr of a protein faun a transgene 

(i e.. indndes stable and transient uaasformauts) has recentiy been elucidamd (V.M. Pavera e< a,.. 

Science, 287:826-830, (2000)). This method does not conti^l gene expression at me level of tire 
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ajjNA ,ike the aforementioned systems. Raher. the system contiob the level of protein in an aouve 
secreted form In .he absence of the inducing agent, the protein agnates in the ER and .s no, 

However, addition of the inducing agen, resuita in di,aggregatioo o, <he pmtem an 
subsequent secretion from the ER. Such a system affords to. b-l ~ * >£ 
secretion to tire presence of the inducing age., and rapid cessation of secretin upon remov^ of d. 
inducing agent In fee, pmteln accretion reached n n— .eve. widtin 30 mtnu.es of matron 
and a id cessation of section wititin . hour of raving tire indncing age.. The method . aJso 
applic^leforcontroltingthelevelofproductionformemnraneprotetna. 

MM methods are presented in V*. Rivera., • *, Science. 287-.826-830. (2000)). 

wit h one or mote copies (pteferabiy a. leas. 2, 3, 4. or more) of a conditioner aggregation domatn 
<CAD) a domain ma, internes with itself in a Bgand-reverstble manner (i.e., in the presence o, an 
mdncing agent) using molecular- biology methods known in .he «t and discussed elsewhere he«,n 
t Z> donL may be tire mutant domain isoUted from Ore human FKBP* <Phe« ,0 Met) 
protein (as disciosed in V.M. Rivem., e, aL, Science, 287:826-830, (2000), or ahemahve.y other 
proteins having domains with similar iigand-reveraible. self-aggregation properties. As a pnncpl. of 
design the fusion psoteto vector would contain a tain deavage sequence operabiy Indeed between 
.he polynucleotides of the present invention and the CAD domains. Sued a cleavage sde would 
enable the proteolytic cleavage of the CAD domains from Ore polypeptide o, the present _ 
subsequent to secretion from the ER and upon entry into ft. trans-Golgi (LB. Denauit. <t ah. FEBS 
Lett 379-113. (1996)). Alternatively, tire skilled artisan would recognize that any proteolytic 
deavage sequence could be substimted for tire ft* sequence provided tire substimted sequence ts 
cl eavab,e either endogenously (e.g„ <he ftrin sequence) or exogenous* (e.g.. post secreuoo, post 
purification, post production, etc.,. The prefetred sequence o, each feemre of dr. fusron protem 
construct, ftom the F to 3- direcbon with each feature bemg operably linked ,0 the other, wouid be a 
. promoter, sign* sequence. TP number of (CAD), domains, me U sequence ft. r other pmteolytic 
sequence,, and tire ceding sequence of me peptide of the prese* invention. The ™ ould 
appreciate that Ore psomotor add signa) seo^ce, independent from the other, could he etmer fre 
endogenous promoter or signal sequence of a polypeptide of tire present invention, or alternately, 
could be a heterologous signal sequence and promoter. 



-40- 



PAGE 47/140 * RCVD AT 5/31/2005 4:30:37 PM [Eastern Daylight Time| * SVR:USPTO-EFXRF-in 1 * DFflS:8729M6 g CSID:6092524526 * DURATION (mm-ss):45-24 



MAY. 31.2005 4:46PM 



BMS PATENT DEPT 



NO. 3153 P. 48/140 
CASE D0072NP 



The specific methods described herein for controlling protein secretion levels through 
controlled ER aggregation are not meant to be limiting are would be generally applicable to any of 
the polynucleotides and polypeptides of the present invention, including variants, homologues, 
orthologs, and fragments therein. 

r^mfit<v4 QExam D Ie 24 - Alteration Of Protein Glycosylation Sites to Enhance Characteristics 

Of Polypeptides Of The Invention. 

Many eukaryotic cell surface and proteins are post-translationally processed to incorporate 
N-linked and O-linked carbohydrates (Komfeld and Komfeld (1985) Anna Rev. Biochem. 54:631- 
64; Rademacher et aL, (1988) Annu. Rev. Biochem. 57:785-838). Protein glycosylation is thought to 
serve a variety of functions including: augmentation of protein folding, inhibition of protein 
aggregation, regulation of intracellular trafficking to organelles, increasing resistance to proteolysis, 
modulation of protein antigenicity, and mediation of intercellular adhesion (Fieldler and Simons 
(1995) Cell, 81:309-312; HeleniuS (1994) MoL BioJ. Of the Cell 5:253-265; Olden et aL, (1978) 
Cell, 13:461-473; Caton et aL, (1982) Cell, 37:417-427; Alexamnder and Elder (1984), Science, 
226:1328-1330; and Backet aL. (1994), J. Biol. Chem., 269:14015-14020). In higher organisms, the 
nature and extent of glycosylation can markedly affect the circulating half-life and bio-availability of 
proteins by mechanisms involving receptor mediated uptake and clearance (AshweU and Morrell, 
(1974), Adv. EnzymoL, 41:99-128; Ashwell and Harford (1982), Ann. Rev. Biochem., 51:531-54). 
Receptor systems have been identified that axe thought to play a major role in the clearance of serum 
proteins through recognition of various carbohydrate structures on the glycoproteins (Stockert 
(1995), Physiol. Rev., 75:591-609; Kery et aL. (1992), Arch. Biochem. Biophys., 298:49-55). Thus, 
production strategies resulting in incomplete attachment of terminal sialic acid residues might 
provide a means of shortening the bioavailability and half-life of glycoproteins. Conversely, 
expression strategies resulting in saturation of terminal sialic acid attachment sites might lengthen 
protein bioavailability and half-life. 

In the development of recombinant glycoproteins for use as pharmaceutical products, for 
example, it has been speculated that the pharmacodynamics of recombinant proteins can be 
modulated by the addition or deletion of glycosylation sites from a glycoproteins primary structure 
(Berman and Lasky (1985a) Trends in BiotechnoL, 3:51-53). However, studies have reported that 
the deletion of N-linked glycosylation sites often impairs intracellular transport and results in the 
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ceU culture medium. . tec0gnize d 

Moreover it is unclear to what extent a glycosylate site m one species Will oe r g 

endogenous* or reoombtaaely. in another orgamsm (..«., expressmg P 

•J or « orgasms; or an E.eoH. yeast, or « protein . human. «* ™* * 

and/or struck cbaraetensues (eg., a polypeptide of the preset invent**) 

A anmber of methods n., bo employe, „ idemify the locauoo of gjyeosylao on s— 
. pro*,. One referred mahod is to mo .he reared protein — ^ ™ ^ 
compow program (Swiss Mta» of Bioinformatfcs). Once .denofied •.«-- 
sys ,LJl, delered, or impaired, a, ft. level of ft. DNA using murageoesrs 

„ and — to A. s^iued arusan, *eferab,y uaing peered < S » 
Mania,,, Modular Coning: A — ry Manna,, Cold Spring Harbo, fte*. CoM £»HY 
(W82) ). Snarly, - — - added or modm* ^^l" 

^Ilauon of glycol s«es with* a protein. — computer 
program (Generic Computer Group suite of programs) provides this funcoon, as weu. 
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^^mm^ ' Method Of Enhancing The Biological Activity/Functional 
Characteristics Of Invention Through Molecular Evolution. 

Although many of the most biologically active proteins known are highly effective for their 

transgenic, therapeutic, and/or industrial applications. Among these traits, a short physiological half- 
Me is the most prominent problem, andis present either at the levelof the protein, or the level of the 
proteins mRNA. The ability to extend the half-life, for example, would be particularly important for 
a proteins use in gene therapy, transgenic animal production, the bioprocess production and 
purification of the protein, and use of the protein as a chemical modulator among others. Therefore, 
there is a need to identify novel variants of isolated proteins possessing characteristics which 
enhance their application as a therapeutic for treating diseases of animal origin, in addition to the 
proteins applicability to common industrial and pharmaceutical applications. 

Thus one aspect of the present invention relates to the ability to enhance specific 
characteristics of invention through directed molecular evolution. Such an enhancement may, m a 
non-limiting example, benefit the inventions utility as an essential component in a kit, the invents 
physical attributes such as its solubility, structure, or codon optimization, the inventions specific 
biological activity, including any associated enzymatic activity, the proteins enzyme kineucs, the 
proteins Ki, ft* Km, Vtnax, Kd, protein-protein activity, protein-DNA binding activity, 
antagonist/inhibitory activity (including direct or indirect interaction), agonist activity (including 
direct or indirect interaction), the proteins antigenicity (e.g., where it would be desirable to other 
increase or decrease the antigenic potential of the protein), the immunogenic^ of the protein, the 
ability of the protein to form aimers, trimers, or multimers with either itself or other proteins, the 
antigenic efficacy of the invention, including its subsequent use a preventative treatment for disease 
or disease states, or as an effector for targeting diseased genes. Moreover, the ability to enhance 
specific characteristics of a protein may also be applicable to changing the characterized activity of 
an enzyme to an activity completely unrelated to its initially characterized activity. Other desirable 
enhancements of the invention would be specific to each individual protein, and would thus be well 
known in the art and contemplated by the present invention. 

For example, an engineered phosphatase may be consututively active. Alternatively, an 
engineered phosphatases be constitutive* active in the absence of ligand binding. In yet another 
example, an engineered phosphatase may be capable of being activated with less than all of the 
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regulatory factors and/or conditions typically required for phosphatase activation (eg-, ligand 
binding, phosphorylation, confonhational changes, etc.). Alternatively, an engineered phosphatase 
may have altered substrate specificity. Such phosphatases would be useful in screens to identify 
phosphatase modulators, among other uses described herein. 

1 Directed evolution is comprised of several steps. The first step is to establish a library of 
variants for the gene or protein of interest. The most important step is to then select for those 
variants that entail the activity you wish to identify. The design of the screen is essential smce your 
screen should be selective enough to eliminate non-useful variants, but not so stringent as to 
eliminate all variants. The last step is then to repeat the above steps using the best variant from the 
previous screen. Each successive cycle, can then be tailored as necessary, such as increasmg the 
stringency of the screen, for example. 

Over the years, there have been a number of methods developed to introduce mutations into 
macromolecules. Some of these methods include, random mutagenesis, "error-prone" PGR, chemical 
mutagenesis, site-directed mutagenesis, and other methods well known in the art (for a 
comprehensive listing of current mutagenesis methods, see Maniatis, Molecular Cloning: A 
Laboratory Manual, Cold Spring Harbor Press, Cold Spring, NY (1982)). Typically, such methods 
have been used, for example, as tools for identifying the core functional region(s) of a protein or the 
function of specific domains of a protein (if a multi-domain protein). However, such methods have 
more recently been applied to the identification of macromolecule variants with specific or enhanced 
characteristics. 

Random mutagenesis has been the most widely recognized method to date. Typically, this 
has been carried out either through the use of "error-prone" PCR (as described in Moore, J., et al, 
Nature Biotechnology 14:458, (1996), or through the application of randomized synthetic 
oligonucleotides contending to specific regions of interest (as described by Derbyshire, K.M. et 
al Gene, 46:145-152, (1986), and Hill, DE, et al, Methods Enzymol., 55:559-568, (1987). Both 
approaches have limits to the level of mutagenesis that can be obtained. However, either approach 
enables the investigator to effectively control the rate of mutagenesis. This is particularly important 
considering the fact that mutations beneficial to the activity of the enzyme are fairly rare. In fact, 
using too high a level of mutagenesis may counter or inhibit the desired benefit of a useful mutation. 

While both of the aforementioned methods arc effective for creating randomized pools of 
ruacromoleeule variants, a third method, termed "DNA Shuffling", or "sexual PCR" (WPC, 
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stemmer, m „ k , w n 1 .<r» "directed enzyme evolution", m 

refcned to * "directed molecular evolution", exon-shuBhng , directe ym 
vino evolution", and "artificial evolution" Such reference tern* are Imown . tb ari -d » 
by the invention. Ms new, preferred, tnetod apparency o— the tanunons of 
TpTI jid. in to, * no, on* propagates positive traiu, on, stinutoreously — 
ncsative traits in the resulting progeny. 
8 DNA shnffiing *— hes fids «s, by combining the principal of ^ «™~ 

L , * - « mrt *" PPR In effect you begin with a randomly digested pool of 
ninnp with the method of "error-prooe PCK. in eneci, you «^ 

^Cnen* - yon, gene, creared by Dnase I digestion, and then introduce sard «*. 

an "error-prone" PCR assembly re*tion. During Ore PCR renction to 
IS DNA fragments no, oniy hybridize to their cognate strand, bn, aiso ma, hybndtze «o otor 
corresponding to differen, regions of die polynucleotide of interest - regtonsn* 
„lessible via hybridization of me entire polynucleotide. Moreover, stnee to PCR 
« reaction utifizes "error-prone" PCR reaction conditions, random mutations are tntroduced 
ZZ I DNA synthesis step of the PCR reaction for a» of ti,e fragments -fintor mversfyang to 
poKmtialhybridizationsiteaduringtiKtumealmgsrepoftoreactioo. 

A L«y of reaction conditions could be utihzed ,o carry-on, to DNA shuffhng renction. 
However, specific reaction conditions for DNA shuffling are provided, for exampfe, » PNAS. 

91-10747 (1994), Briefly: 

' Prepare to DNA subs^ ,0 be subjecd to to DNA shuffling reaction. Preparation may 
he in to form of simply purifying to DNA from con— g cellular material, chemtc* 
buffers, oUgonudeotide primers, deoxynucleotides, RNAs, etc., and ma, entatl to use of DNA 
purificationteastoseprovidenbyQiageu, to., or bytoPremega, Corp., for example^ 

Once to DNA substrate has been purified, i, would be Rented » Dnase I dtgesti n. Abou 
M ug of to DNA subsuntefs) would be digested with .0015 onto of Itose . (Sigma) per nl m UK* 
of Lm TVis-HCL, P H 7.4,lmM MgCS for ,0-20 min. a, mom remperemre. The — 
^men* o, >fi- 5 0bp ceuld then be purified b, running tore enough a 2% 

' gel b, electrophoresis onto DEgl ^change paper (Whetinann) or could be purified 
ImLou concent (Amicon) of to apptoprlate modular weigh, emoff, or 
0Hglc.eo.ide purification columns (Qiagen), in addition to otor methods Known m to art If 
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NaQ. followed by elhanol precipitation. 

The resulting purified tegmenta woold then be subjected to a PCR assembly reac , 
Z rr^Ltare co-tei^: 2mM of eacb dNTP. 2.2ufM MgC12, 50 mM KC. lOtaM 

Z£ i »Tra» Triton X-.O0, a, a « fragment — . - ~ - 

FTC 150 thermocycler. After the assembly reaction is completed, a 1.40 0 

PTC-15U tnermo^i same buffer nature 

I and refesrld to eise where bereio. or could coataia addifioaa. spaces (>.e., for addtng 

restriction sites, mutating specific base-pairs, etc.). mel i. 0 ds wefi 

The resulting shuffled, assembled, and amplified product can be punfied uaug methods^ 

^"number of — of D NA Shuffling have been pubhshed to date, such 

stw ffling method can also be tailored ,0 the desired tevel of mutagen*., usntg the methods 

A< described above, once the randomized pool has been created, c 
„JZ I identify .he variant posseashrg the ^ 0^— »- 

L identified. DNA corresponding to me variant could men be used as the DNA snbsnnte 
~ another round o, DNA shuffling. This cycle o, shuffling, selecting the ophrn^ o 
- re-shuffhng. can be repeated unti, the uUimate variant is obtained. Eaamptea o^ 
lorie, appaed to rdenfify variante — ™~ T« ^ 

to following publications: J. C Moore, et A. J. Mol. Btol., 272.336 347, ( > 
MO.. CeU. Bio... 18:2923-293!, (1998), and A. Cmmeri., e. ah, Nat. Etotech., 15.43M38, (1997). 
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DNA stoffltog to. several advantages. First, it mate use of beneficial mutations. When 
combined *«h screening, DNA shuffling allow, the discovery of the ta. mutational combinations 
and doea uot assume .hat the best combination contains all the mutations in a population. Secondly, 
recombination occurs simultaneously with point mutagenesis. An effect of forcing DNA polymerase 
maymhe^M.-lengm genes f^toamaUfmgu^DNApool^bactgmundrnu^t^ 
I. combination with a stringent selection method, enzymatic activity has been evolved up .0 16000 
fell increase over me wild-type form of me e^yme. k essence, the background mutagenests 
Yielded the genetic variability on which recombination acted to enhance the activity. 
"' A third feature of recombination is that it can be used to remove deleterious mutations. As 
discussed above, during the process of the randomization, for ever, one beneficial mutation, there 
may be at least one or more nemral or inhibitory mumdoos. Sucb. mutations can be removed by 
taetading in the assembly reaction an excess of the wild-type random-size fragments, in additron to 
the random-size fragments of die selected mutant from the previous selection. During the next 
selection, some of rhe moat active variants of the pclynncleotitWpolypeptide/enzyme, should have 

lo.st the inhibitory mutations. 

Finally recombination enables parallel processing. This represents a significant advantage 
since there are likely multiple characteristics that would make a protein more desirable (e.g. 
solubility, activity, etc.). Since it is increasingly difficult to screen for more than one desirable trait at 
a time other methods of molecular evolution tend to be inhibitory. However, using recombination, it 
would be possible to combine the randomized fragments of the best representative variants for the 
various traits, and then select for multiple properties at once. 

DNA shuffling can also be applied to the polynucleotides and polypeptides of the present 
invention to decrease their immunogenic^ in a specified host. For example, a particular variant of 
the present invention may be created and isolated using DNA shuffling technology. Such a variant 
may have all of the desired characteristics, though may be highly immunogenic in a host due to its 
novel intrinsic structure. Specifically, the desired characteristic may cause the polypeptide to have a 
non-native structure which could no longer be recognized as a "self molecule, but rather as a 
"foreign", and thus activate a host immune response directed against the novel variant. Such a 
limitation can be overcome, for example, by including a copy of the gene sequence for a xenobiotic 
ortbolog of the native protein in with the gene sequence of the novel variant gene in one or more 
cycles of DNA shuffling. The molar ratio of the ortholog and novel variant DNAs could be varied 
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accordingly Ideally, the resulting hybrid variant identified would contain at least some of the coding 
sequence which enabled the xenobiotic protein to evade the host immune system, and additionally, 
the coding sequence of the original novel variant that provided the desired charactenstics. 

Likewise, the invention encompasses the application of DNA shuffling technology to the 
evolution of polynucleotides and polypeptides of the invention, wherein one or more cycles of DNA 
shuffling include, in addition to the gene template DNA oligonucleotides coding for known allelic 
sequences, optimized codon sequences, known variant sequences, known polynucleotide 
polymorphism sequences, known ortholog sequences, known homologue sequences, additional 
homologous sequences, additional non-homologous sequences, sequences from another species, and 
any number and combination of the above. 

In addition to the described methods above, there are a number of related methods that may 
also be applicable, or desirable in certain cases. Representative among these are the methods 
discussed in PCT applications WO 98/31700, and WO 98/32845, which are hereby incorporated by 
reference. Furthermore, related methods can also be applied to the polynucleotide sequences of the 
present invention in order to evolve invention for creating ideal variants for use in gene therapy, 
protein engineering, evolution of whole cells containing the variant, or in the evolution of enure 
enzyme pathways containing polynucleotides of the invention as described in PCT applications WO 
98/13485, WO 98/13487, WO 98/27230, WO 98/31837, and Crameri, A, et al., Nat, Biotech., 

15:436^38, (1997), respectively. 

Additional methods of applying "DNA Shuffling" technology to the polynucleotides and 
polypeptides of the present invention, including their proposed applications, may be found in US 
Patent No 5,605,793; PCT Application No. WO 95/22625; PCT Application No. WO 97/20078; 
PCT Application No. WO 97/35966; and PCT Application No. WO 98/42832; PCT Application No. 
WO 00/09727 specifically provides methods for applying DNA shuffling to the identification of 
herbicide selective crops which could be applied to the polynucleotides and polypeptides of the 
present invention; additionally, PCT Application No. WO 00/12680 provides methods and 
compositions for generating, modifying, adapting, and optimizing polynucleotide sequences that 
confer detectable phenotypic properties on plant species; each of the above are hereby incorporated 
in their entirety herein for all purposes. 
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ta,,^^ - Method Of Deterging Alteration* In A Gone Corresponding T. A 

Polynucleotide. - 

RNA isolated from entire famibes or individual patients patenting with a phenotype of 
interest (such as a disease, is he isolated. cDNA is then generated front these RNA santp.es nsh* 
protocols known in the m. (See, Satnmook.) The oDNA is then nsed as a template for PCR, 
employing primers pending tegions of interest in SEQ ID NO:149, 151, 7. 9 41, or 108 
Suggel PCR conditions consist of 35 cycles a, 95 degree, C for 30 seconds; 60-!20 seconds « 
52-58 degreea C; and 60-120 seconds a, 70 degrees C. using buffer solutions described in Srdrausky 

etal., Science 252:706 (1991). 

PCR produce are then sequenced using primers labeled at then 5 end wttb T4 
polynucleotide kinase, employing SequiThenn Polymer. (Epicentte Technologies). The mtron- 
exon border, of select exons is afco detennined and genomic PCR products analyzed to confirm 
the result, PCR products bartering suspected mutations is then cloned and sequenced ,0 vahdate tire 

results of the direct sequencing. 

PCR produce is cloned into T-.afled vectors as described in Holton et al.. Nuclerc Actds 
Research. 19:1156 (1991) tmd sequenced with T7 polymerase (United States Biochemical). Affected 
individuals are identified by mutations not present in unaffected individuals. 

Genomic rearrangements are also observed as a method of determining alterations in a gene 
corresponding to a polynucleotide. Genomic clones isolated according to Example 2 are re- 
translated with digoxigenindeoxy-uridine S'-triphospbate (Boehringer Manhetm), and FISH 
performed as described in Johnson e, a.., Methods CeU Biol. 35:73-99 (1991). Hybridization wrth 
me labeled probe is carried outustag a vast excess of humancot-! DMA fo, specific hybridization te 

the corresponding genomic locus. 

Chromosomes are counterstained with 4,6^amino-2.phen,Udole and proprdrum .odlde, 
producing a combination of C- and R-bands. Abgned images for precise mapping are obtrnned usmg 
a trfple-band filter set (Chroma Technology, Bratueboro, VI) in combination with a cooled charge- 
coupled device camera (Photometries, Tucson. AZ) and variable excitation wavelength filters 
(Johnson e, a)., Genet Ana). Tech. AppL, 8:75 (1991).) Image collection, analysis and ctoomosomal 
fractional length nteasurementa . performed «* the Bee Graphical Program System. (mov, S .on 
Corpotation, Duxham. NO Chromosome alterations of the genomic region hybridized by the probe 
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ate identified as insertions, deletions, and translocations. These alterations are used as a diagnostic 
marker for an associated disease. 

B3Eaffl# te^3fea ffiE te2Z " Method Of Detecting Abnormal Levels Of A Polypeptide In 
Biological Sample. 

A polypeptide of the present invention can be detected in a biological sample, and if an 
increased or decreased level of the polypeptide is detected, this polypeptide is a marker for a 
particular phenotype. Methods of detection are numerous, and thus, it is understood that one skilled 
in the art can modify the following assay to fit their particular needs. 

For example, antibody-sandwich ELISAs are used to detect polypeptides in a sample, 
preferably a biological sample. Wells of a microliter plate are coated with specific antibodies, at a 
final concentration of 0.2 to 10 ug/ml. The antibodies are either monoclonal or polyclonal and are 
produced by the method described elsewhere herein. The wells are blocked so that non-specific 
binding of the polypeptide to the well is reduced. 

The coated wells are then incubated for > 2 hours at RT with a sample containing the 
polypeptide. Preferably, serial dilutions of the sample should be used to validate results. The plates 
are then washed three times with deionized or distilled water to remove unbounded polypeptide. 

Next, 50 ul of specific antibody-alkaline phosphatase conjugate, at a concentration of 25-400 
ng, is added and incubated for 2 hours at room temperature. The plates are again washed three times 
with deionized or distilled water to remove unbounded conjugate. 

Add 75 ul of 4-methylumbemferyi phosphate (MUP) or p-nitrophenyl phosphate (NPP) 
substrate solution to each well and incubate 1 hour at room temperature. Measure the reaction by a 
microliter plate reader. Prepare a standard curve, using serial dilutions of a Control sample, and plot 
polypeptide concentration on the X-axis (log scale) and fluorescence or absorbance of the Y-axis 
(linear scale). Interpolate the concentration of the polypeptide in the sample using the standard 



curve. 



F-gnmplo 2d Example 28 - Formulation. 

The invention also provides methods of treatment and/or prevention diseases, disorders, 
and/or conditions (such as, for example, any one or more of the diseases or disorders disclosed 
herein) by administration to a subject of an effective amount of a Therapeutic. By therapeutic is 
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W a polynucleotides or polypeptides of to invention (inducing fragments and vamn*), 
agonists or anmgonisa »n>or anybodies totem, in combination with a pharmaceutical., 

acceptable carrier type (e.g.,a sterile carrier). 

He Therapeutic will be formulated and dosed in . fashion consistent arid! good medteal 
practice, raiting into account to cfinicai condition of to individua. patient (especially to S ,de 
effects of treatment with to Tberape«c alone), to site of delivery, to method of adrninitfranon, 
fc stodujrng of administration, and otor facrora taown » practitioner.. The "effeotive amonn, 
for purposes herein is thus determined by such considerations. 

\s a genera, proposition, to .oral pharmaceutical* effective amount of to Therapeutic 
adnnnraered parenteral* per dose will be in to range of abou, lug/xg/de, to 10 mg/xglday of 
patien. body weight, although. . noted above, this will be subject .o therapeutic discretion. Mom 
preferably, .has dose is a. leas. 0.01 mg/ltg/day, and most praferably for Immans between about <UH 
and 1 mg/ltg/day for to hormone. If given continuously, to Thempeutic is typically adminratered at 
. dose ran of abou. 1 ug/kg/ho«r to abou. 50 ug*g/hour, either by 1-4 injection, per day or by 
continuous subcutaneous infusions, for example, using » mini-pump. An intravenous bag solution 
may also be employed. The lengtit of treatment needed ,0 observe changes and to interval followmg 
treatment for responses to occur appears to vary depending on to desired effect. 

Therapeutics can be administerad orally, rectally, parenteral!,, rmraciaernally, 
tatravaginally. intraperhoneally, topically (aa by powders, ointments, gels, drops or transdermal 
patch) bucally, or as an oral or nasal spray. "PharmaceuticaUy acceptable carrier" refers to a uon- 
toxic solid, semisolid or liquid filler, diluent encapsulating material or formulation auxiliary of any. 
The term "parenteral" aa used herein refers to modes of administration which include intravenous, 
intramuscular, intraperitoneal, intrastemal. subcutaneous and monarticular injection and mfusron. 

Therapeutics of to invention are also suitably adminiaarred by sustained-release systems. 
Suitable examples of sustained-release Therapeutics are admintoemd orally, rectally, parenteral!,, 
imracisternally, ^vaginally, intiaperitooeally. topically (aa by powders, ointments, gels, drops or 
transdermal patch), bucally, or as an oral or nasal spray. Tharmaceutically acceptable carrier" refers 
» a non-toxic solid, semisolid or liquid filler, diluent, encapsulating material or formula^ 
auxiliary of any we. The term -parenteral- as used herein tefers to modes of administtation which 
include intravenous, intramuscular, intraperitoneal, inousfcmal, subcutaneous and intraarticular 
injection and infusion. 
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Mrf. of ,be Invenuoo may to be suitably adminisremd by ausained-release 
sy5te ms. Mttto examples of sratonKd-rdea* Theses Made suirable polymeric marenals 

capsules). suuaMe bydmpbobic materials (for example as an emulsion in an arable oil) or 
exchange resins, and sparing* soluble derives (sueb as. for example, a sparingly soluble 



mic 
ion 
salt) 



Sustained-release matrices include polylactides (U.S. Pat. No. 3,773,919, EP 58,481). 
copolymers of L-glutamic -id and gamma-ethyl-^utamate (Sidman et al., ^Biopolymers 22:547- 
556 (1983)), poly (2- hydroxyethyl methacrylate) (Langer et al., J. Biomed. Mater. Res. 15:167-277 
(1981). and Langer. Chem. Tech. 12:98-105 (1982)). ethylene vinyl acetate (Langer et al., Id.) or 
poly-D- (->3-hydroxybutyric acid (EP 133,988). 

Sustained-release Therapeutics also include liposomal* entrapped Therapeutics of the 
invention (see, generally, Langer, Science 249:1527-1533 (1990); Treat et al., in Liposomes m the 
Therapy of Infectious Disease and Cancer, Lopez-Berestein and Fidler (eds.), Lis*, New York pp. 
317 -327 and 353-365 (1989)). Liposomes containing the Therapeutic are prepared by methods 
^ per se: DE 3.218,121; Epstein et al., Proc. Natl. Acad. Sc. (USA) 82:3688-3692 (1985); 
Hwang et al., Proc. Natl. Acad. Sci.(USA) 77:40304034 (1980); EP 52,322; EP 36,676; EP 88,046; 
EP 143 949- EP 142,641; Japanese Pat. Appl. 83-118008; U.S. Pat Nos. 4,485,045 and 4,544,545; 
and EP 102,324. Ordinarily, the liposomes are of the small (about 200-800 Angstroms) umlameUar 
type in which the lipid content is greater than about 30 mol. percent cholesterol, the selected 
proportion being adjusted for the optimal Therapeutic. 

In yet an additional embodiment, the Therapeutics of the invention are delivered by way of a 
pump (see Langer, supra; Sefton, CRC Crit. Ref. Biomed. Eng. 14:201 (1987); Buchwald et al., 
Surgery 88:507 (1 980); Saudek et al., N. Engl. J- Med. 321:574 (1989)). 

Other controlled release systems are discussed in the review by Langer (Science 249:1527- 

1533(1990)). 

For parenteral administration, in one embodiment, the Therapeutic is formulated generally by 
mixing it at the desired degree of purity, in a unit dosage injectable form (solution, suspension, or 
emulsion), with a pharmaceutical* acceptable carrier, i.e., one that is non-toxic to recipients at the 
dosages and concentrations employed^ is compatible with other ingredients of the fonnulatu>n. 
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For example, the formulation preferably does not include oxidizing agents and other compounds that 

are known to be deleterious to the Therapeutic. 

Generally, the formulations are prepared by contacting the Therapeutic uniformly and 

intimately with liquid carriers or finely divided solid carriers or both. Then, if necessary, the product 

is shaped into the desire4 formulation. Preferably the carrier is a parenteral carrier, more preferably a . 

solution that is isotonic with the blood of the recipient. Examples of such carrier vehicles include 

water, saline, Ringer's solution, and dextrose solution. Non-aqueous vehicles such as fixed oils and 

ethyl oleate are also useful herein, as well as liposomes. 

The carrier suitably contains minor amounts of additives such as substances that enhance 

isotonicity and chemical stability. Such materials are non-toxic to recipients at the dosages and 
concentrations employed, and include buffers such as phosphate, citrate, succinate, acetic acid, and 
other organic acids or their salts; antioxidants such as ascorbic acid; low molecular weight (less than 
about ten residues) polypeptides, e.g., polyargmine or tripeptides; proteins, such as serum albumin, 
gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; ammo acids, such 
as glycine, glutamic acid, aspartic acid, or arginine; monosaccharides, disaccharides, and other 
carbohydrates including cellulose or its derivatives, glucose, mannose, or dextrins; chelating agents 
such as EDTA; sugar alcohols such as mannitol or sorbitol; counterions such as sodium; and/or 
nonionic surfactants such as polysorbates, poloxamers, or PEG. 

The Therapeutic will typically be formulated in such vehicles at a concentration of about 0.1 
mg/ml to 100 mg/ml, preferably 1-10 mg/ml, at a P H of about 3 to 8. It will be understood that the 
use of certain of the foregoing excipients, carriers, or stabilizers will result in the formation of 
polypeptide salts. 

Any pharmaceutical used for therapeutic administration can be sterile. Sterility is readily 
accomplished by filtration through sterile filtration membranes (e.g., 0.2 micron membranes). 
Therapeutics generally are placed into a container having a sterile access port, for example, an 
intravenous solution bag or vial having a stopper pierceable by a hypodermic injection needle. 

Therapeutics ordinarily will be stored in unit or multi-dose containers, for' example, sealed 
ampoules or vials, as an aqueous soJution or as a lyophilized formulatiou for institution. As an 
example of a lyophilized formulation, 10-ml vials arc filled With 5 ml of sterile-filtered 1% (w/v) 
aqueous Therapeutic solution, and the resulting mixture is lyophilized. The infusion solution is 
prepared by reconstituting the lyophilized Therapeutic using bacteriostatic Water-for-Injection. 
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The invention also provides a pharmaceutical pack or kit comprising one or more containers 
filled with one or mo* of the ingredients of the Therapeutics of the invention. Associated with sucn 
containers) can be a notice in the form prescribed by a governmental agency regulating the 
manufacture, use or sale of pharmaceuticals or biological products, which notice reflects approval by 
the agency of manufacture, use or sale for human administration. In addition, the Therapeutics may 
be employed in conjunction with other therapeutic compounds. 

The Therapeutics of the invention may be administered alone or in combination with 
adjuvants. Adjuvants that may be administered with the Therapeutics of the invention include, but 
axe not limited to, alum, alum plus deoxycholate (ImmunoAg), MTP-PE (Biocine Corp.), QS21 
(Genentech, Inc.), BCG, and MPL. In a specific embodiment, Therapeutics of the invention are 
administered in combination with alum. In another specific embodiment, Therapeutics of the 
invention are administered in combination with QS-21. Further adjuvants that may be adnumstered 
with the Therapeutics of the invention include, but are not limited to, Monophosphoryl lipid 
immunomodulator, AdjuVax 100a, QS-21. QS-18, CRL1005, Aluminum salts, MF-S9, and 
Virosomal adjuvant technology. Vaccines that may be administered with the Therapeutics of the 
invention include, but are not limited to, vaccines directed toward protection against MMR (measles, 
mumps, rubella), polio, varicella, tetanus/diptheria, hepatitis A hepatitis B. hemophilus influenzae 
B whooping cough, pneumonia, influenza, Lyme's Disease, rotavirus, cholera, yellow fever, 
Japanese encephalitis, poliomyelitis, rabies, typhoid fever, and pertussis. Combinations may be 
administered either concomitantly, e.g., as an admixture, separately but simultaneously or 
concummtly; or sequentially. This includes presentations in which the combined agents are 
administered together as a therapeutic mixture, and also procedures in which the combined agents 
are administered separately but simultaneously, e.g., as through separate intravenous lines into the 
same individual. Administration "in combination" further includes the separate aoministration of one 
of the compounds or agents given first, followed by the second. 

The Therapeutics of the invention may be administered alone or in combination with other 
therapeutic agents. Therapeutic agents that may be administered in combination with the 
Therapeutics of the invention, include but not limited to, other members of the TNF family, 
chemotherapeutic agents, antibiotics, steroidal and non-steroidal ^-inflammatories, conventual 
innnunotberapeutic agents, cytokines and/or growth factors. Combinations may be adnumstered 
either concomitantly, e.g., as an admixture, separately but simultaneously or concurrently, or 
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sequentially. This includes presentations in which the combined agents are administered together as 
a therapeutic mixture, and also procedures in which the combined agents are administered separately 
but simultaneously, e.g., as through separate intravenous lines into the same individual. 
Adrninistration "in combination" further includes the separate aoministiation of one of the 
compounds or agents given first, followed by the second. 

In one embodiment, the Therapeutics of the invention axe administered in combination with 
members of the TNF family. TNF, TNF-related or TNF-like molecules that may be aoministered 
with the Therapeutics of the invention include, but are not limited to, soluble forms of TNF-alpha, 
lymphotoxin-alpha (LT-alpha. also known as TNF-beta), LT-beta (found in complex heterotnmer 
LT-alpha2-beta), OPGL, FasL, CD27L, CD30L. CD40L, 4-lBBL, DcR3, OX40L, TNF-gamma 
(International Publication No. WO 96/1432S), AM-I (International PubUcation No. WO 97/33899), 
endokine-alpha (International Publication No. WO 98/07880), TR6 (International PubUcation No. 
WO 98/30694) OPG, and neutrokine-alpha (International PubUcation No. WO 98/18921, OX40, 
and nerve growth factor (NGF), and soluble forms of Fas, GD30, CD27, CD40 and 4-IBB, TR2 
(International Publication No: WO 96/34095), DR3 (International Publication No. WO 97/33904), 
DR4 (International PubUcation No. WO 98/32856), TR5 (International Publication No. WO 
98/30693) TR6 (Internationa) Publication No. WO 98/30694), TR7 (International Publication No. 
WO 98/41629), TRANK, TR9 (International PubUcation No. WO 98/56892),TR10 (International 
PubUcation No. WO 98/54202), 312C2 (International PubUcation No. WO 98/06842), and TR12, 
and soluble forms CD154, CD70, and CD153. 

In certain embodiments, Therapeutics of the invention are administered in combination with 
antimtroviral agents, nucleoside reverse transcriptase inhibitors, non-nucleoside reverse transcriptase 
inhibitors, and/or protease inhibitors. Nucleoside reverse transcriptase inhibitors that may be 
administered in combination with the Therapeutics of the invention, include, but are not limited to, 
RETROVIR(zidovudine/AZT), VIDEX(didanosine/ddI), HTVID(zaicitabine/ddC), 

ZERrr(stavudine/d4T), EPIVIRaamivudine/3TQ, and COMBIVlR(zidovudme/lamivudine). Non- 
nucleoside reverse transcriptase inhibitors that may be administered in combination with the 
Therapeutics of the invention, include, but are not limited to, VIRAMUNE(nevirapin e ), 
RESCRIPTOR(delavirdine), and SUSTIVA(efavir e nz). Protease inhibitors that may be administered 
in combination with the Therapeutics of the invention, include, but are not limited to, 
CRlXIVAN(indinavjr). NORVIR(rito«avir), iNVIRASE(saquinavii), and VIRACEPT(nelfinavir). 
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In a specific embodiment, antiviral agents, nucleoside reverse iranscriptase inhibitors, non- 
nucleo S ide reverse transcriptase inhibitors, and/or protease inhibitors may be used in any 
combination with Therapeutics of the invention to treat AIDS and/or to prevent or treat HIV 

infection. . 
In other embodiments, Therapeutics of the invention may be administered in combination 

with anti-opportunistic infection agents. Anti-opportunistic agents that may be administered in 

combination with the Therapeutics of the invention, include, but are not limited to, 

TRIMETHOPRIM-SULFAMETHOXAZOLE, DAPSONE, PENTAMIDINE, ATOVAQUONE, 

ISONIAZID RIFAMPIN, PYRAZIN AMIDE, ETHAMBUTOL, RIFABUTIN, 

CLARITHROMYCIN, AZITHROMYCIN, GANCICLOVIR, FOSCARNET, CIDOFOVIR, 

FLUCONAZOLE, ITRACONAZOLE, KETOCONAZOLE, ACYCLOVIR, FAMCICOLVIR, 

PYRIMETHAMINE, LEUCOVORIN, NEUPOGEN (filgrastim/G-CSF), and LEUKINE( 

(sargramostim/GM-CSF). In a specific embodiment, Therapeutics of the invendon are used in any 

combination with TRIMETHOPRIM-SULFAMETHOXAZOLE, DAPSONE, PENTAMIDINE, 

and/or ATOVAQUONE( to prophylactically treat or prevent an opportunistic Pneumocystis canon 

pneumonia infection. In another specific embodiment, Therapeutics of the invention are used in any 

combination with ISONIAZID, RIFAMPIN, PYRAZIN AMIDE, and/or ETHAMBUTOL to 

prophylactically treat or prevent an opportunistic Mycobacterium avium complex infection. In 

another specific embodiment, Therapeutics of the invention are used in any combination with 

RIFABUTIN, CLARITHROMYCIN, and/or AZITHROMYCIN to prophylactically treat or prevent 

an opportunistic Mycobacterium tuberculosis infection. In another specific embodiment, 

Therapeutics of the invention are used in any combination with GANCICLOVIR, FOSCARNET, 

and/or CIDOFOVIR to prophylactically treat or prevent an opportunistic cytomegalovirus infection. 

In another specific embodiment, Therapeutics of the invention are used in any combination with 

FLUCONAZOLE, ITRACONAZOLE, and/or KETOCONAZOLE to prophylactically treat or 

prevent an opportunistic fungal infection. In another specific embodiment, Therapeutics of the 

invention are used in any combination with ACYCLOVIR and/or FAMCICOLVIR to 

prophylactically treat or prevent an opportunistic herpes simplex virus type I and/or type II infection. 

In another specific embodiment, Therapeutics of the invention are used in any combination with 

PYRIMETHAMINE and/or LEUCOVORIN to prophylactically treat or prevent an opportunistic 

Toxoplasma gondii infection. In another specific embodiment, Therapeutics of the invention are 
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^ „ any combination with U1UCOVORIN and/or NEUPOGEN to prophylaxy Teat or 
orevent an opportunistic bacterial infection. 

' embodunen,, to Therapeutics <**■ — » — * M 

wifl, an antiviral agent «- be administered with tire Twenties of tire 

fc a tamer embodiment, 0,e Ttetapeutics of tire invention are adninisKmd . combuutie* 
with an antibiotic agen,. Antibiotic agents that may be admiaisteted with «he *-^»^ 
mention inolude, but are not timited to, amoxicUBn, beta-la™, aminogiycosrdea, beta-lactam 
(Mycopeptide). beta-lacmmases, Clindamydn, chloramphenicol, cephalosporins, crprofloxacm, 
iflLacin, erydnomycio. floor,,—, macroUde, o*— p^ 
riLpin. sueptomych, sulfonamide. .echoes, tiimethopnm, uimetiropnm-auifamtito^le, 

and vancomycin. , . , - 

Conventional nonspecific immunosuppressive agents, d» may be admuusfcred » 

combination witb *e Therapeutics of the invention include, bnt are no. ^ 
cyclosporine, cycloaporine analog, cydophosphamide n.thylprednisone, prodmaone, azetiuop™ 
LZ, 15-deoxysper.ualin. and orher immunosuppressive agents mat act by suppressnrg tire 

b— ppressaots prepa^ions ma. may be administered w«h tire 

Zpeutica of the invention include, hut are no, limited ORTHOCU>NE( (OKT3 , 
Therapeutics oi PR OGRAF(tacrolimus) f 
SANDlMMUNE^EORAiySANGDYA(cyclosponn), 

™ TO mycopbeno,a t .,, Aaadnoprine. ^corucos^oida, and RAPAMUNEfsirolrmua). In 
emLLn, — oppress may be used to pmven, reiection of organ or b.ne 

"TSUI embodiment, Therapeutics of ti* invention are administered alone or hr 
combination with one or more in— itnmune globulin potions — _ 
^bbotin preparations ma, may be administer* with ,he Twenties of ^ ™ ~ 
no. JLd ,o. GAMMAR, IVEEOAM. SANDOGWBUUN, GAMMAOARD MX and 
GAMIMfJNE. «n a specific embodiment THerapeutic of the invention are -—""^ 
combination wi,h Ravenous immune globuUn preparations in tmnsplamanoo tirerapy (e.g„ bone 
marrow transplant). 
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In an additional embodiment, the Therapeutics of the invention are administered alone or in 
combination with an anti-inflammatory agent. Anti-inflammatory agents that may be administered 
with the Therapeutics of the invention include, but are not limited to, glucocorticoids and the 
nonsteroidal anti-infla m matories, aminoarylcarboxylic acid derivatives, arylacetic acid derivatives, 
arylbutyric acid derivatives, arylcarboxylic acids, arylpropionic acid derivatives, pyrazoles, 
pyrazolones, salicylic acid derivatives, thiazinecarboxamides, e-acetamidocaproic acid, S- 
adenosylmethionine, 3-amino-4-hydroxybutyric acid, amixetrine, bendazac, benzydamine, 
bucolome, difenpiramide, ditazol, emorfazone, guaiazulene, nabumetone, nimesulide, orgotein, 
oxaceprol, paranyline, perisoxal, pifoxime, proquazone, proxazole, and tenidap. 

In another embodiment, compositions of the invention are administered in combination with 
a chemotherapeutic agent. Chemotherapeutic agents that may be administered with the Therapeutics 
of the invention include, but are not limited to, antibiotic derivatives (e.g-, doxorubicin, bleomycin, 
daunorubicin, and dactinomycin); antiestrogens (e.g., tamoxifen); antimetabolites (e.g., fluorouracil, 
5-FU, methotrexate, jQoxuridine, interferon alpha-2b, glutamic acid, pJicamycin, mercaptopurine, 
and 6-thioguanine); cytotoxic agents (e.g., carmustine, BCNU, lomustine, CCNU, cytosine 
arabinoside, cyclophosphamide, estramustine, hydroxyurea, procarbazine, mitomycin, busulfan, cis- 
platin, and vincristine sulfate); hormones (e.g., medroxyprogesterone, estramustine phosphate 
sodium, ethinyl estradiol, estradiol, megestrol acetate, methyltestosterone, diethylstilbestrol 
diphosphate, chlorotrianisene, and testolactone); nitrogen mustard derivatives (e.g., mepbajen, 
chorambucil, mechlorethamine (nitrogen mustard) and thiotepa); steroids and combinations (e.g., 
betamethasone sodium phosphate); and others (e.g., dicarbazine, asparaginase, mitotane, vincristine 
sulfate, vinblastine sulfate, and etoposide). 

In a specific embodiment, formulations of the present invention may further comprise 
antagonists of P-glycoprotein (also referred to as the multiresistance protein, or PGP), including 
antagonists of its encoding polynucleotides (e.g., antisense oligonucleotides, ribozymes, zinc-finger 
proteins, etc.). P-glycoprotein is well known for decreasing the efficacy of various drug 
administrations due to its ability to export intracellular levels of absorbed drug to the cell exterior, 
While this activity has been particularly pronounced in cancer cells in response to the administration 
of chemotherapy regimens, a variety of other cell types and the administration of other drug classes 
have been noted (e.g., T-cells and anti-HIV drugs). In fact, certain mutations in the PGP gene 
significantly reduces PGP function, making it less able to force drugs out of cells. People who have 
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two versions of the mutated gene— one inherited from each parent— have more than four times less 
PGP than those with two normal versions of the gene. People may also have one normal gene and 
one mutated one. Certain ethnic populations have increased incidence of such PGP mutations. 
Among individuals from Ghana, Kenya, the Sudan, as well as African Americans, frequency of the 
normal gene ranged from 73% to 84%. In contrast, the frequency was 34% to 59% among British 
whites, Portuguese, Southwest Asian, Chinese, Filipino and Saudi populations- As a result, certain 
ethnic populations may require increased administration of PGP antagonist in the formulation of the 
present invention to arrive at the an efficacious dose of the therapeutic (e.g., those from African 
descent). Conversely, certain ethnic populations, particularly those having increased frequency of the 
mutated PGP (e.g., of Caucasian descent, or non-African descent) may require less pharmaceutical 
compositions in the formulation due to an effective increase in efficacy of such compositions as a 
result of the increased effective absorption (e.g., less PGP activity) of said composition. 

Moreover, in another specific embodiment, formulations of the present invention may further 
comprise antagonists of OATP2 (also referred to as the muitiresistance protein, or MRP2), including 
antagonists of its encoding polynucleotides (e.g., antisense oligonucleotides, ribozymes, zinc-finger 
proteins, etc.). The invention also further comprises any additional antagonists known to inhibit 
proteins thought to be attributable to a multidrug resistant phenotype in proliferating cells. 

In a specific embodiment, Therapeutics of the invention are administered in combination 
with CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone) or any combination of the 
components of CHOP, In another embodiment, Therapeutics of the invention are administered in 
combination with Rituximab. In a further embodiment, Therapeutics of the invention are 
administered with Rituxmab and CHOP, or Rituxmab and any combination of the components of 
CHOP. 

In an additional embodiment, the Therapeutics of the invention are administered in 
combination with cytokines. Cytokines that may be administered with the Therapeutics of the 
invention include, but are not limited to, TL2, IL3, IL4, IL5, IL6, IL7, IL10, IL12, ILI3, IL15, anti- 
CD^, CD40L, DFN-gamma and TNF-alpha. In another embodiment, Therapeutics of the invention 
may be administered with any interleukin, including, but not limited to, IL-1 alpha, Il^lbeta, IL-2, 
IL-3, IL-4, IL-5, IL-6, IL-7, 1L-8, IL-9, IL-10, IL-11, IL-12, IL-13, IL-14, IW5, IL-16, IL-17, IL- 
18.IH9, IL-20, and IL-2L 
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In an additional embodiment, the Therapeutics of the invention are administered in 
combination with angiogenic proteins. Angiogenic proteins that may be administered with the 
Therapeutics of the invention include, but are not limited to, Glioma Derived Growth Factor 
(GDGF), as disclosed in European Patent Number EP-399816; Platelet Derived Growth Factor-A 
(PDGF-A), as disclosed in European Patent Number EP-682110; Platelet Derived Growth Factor-B 
(PDGF-B), as disclosed in European Patent Number EP-282317; Placental Growth Factor (PIGF), as 
disclosed in International Publication Number WO 92/06194; Placental Growth Factor-2 (PlGF-2), 
as disclosed in Hauser et al., Gorwth Factors, 4:259-268 (1993); Vascular Endothelial Growth Factor 
(VEGF), as disclosed in International Publication Number WO 90/13649; Vascular Endothelial 
Growth Factor-A (VEGF-A), as disclosed in European Patent Number EP-506477; Vascular 
Endothelial Growth Factor-2 (VEGF-2), as disclosed in International Publication Number WO 
96/39515; Vascular Endothelial Growth Factor B (VEGF-3); Vascular Endothelial Growth Factor B- 
186 (VEGF-B186), as disclosed in International Publication Number WO 96/26736; Vascular 
Endothelial Growth Factor-D (VEGF-D), as disclosed in International Publication Number WO 
98/02543; Vascular Endothelial Growth Factor-D (VEGF-D), as disclosed in International 
Publication Number WO 98/07832; and Vascular Endothelial Growth Factor-E (VEGF-E), as 
disclosed in German Patent Number DE1963960L The above mentioned references are incorporated 
herein by reference herein. 

In an additional embodiment, the Therapeutics of the invention are administered in 
combination with hematopoietic growth factors. Hematopoietic growth factors that may be 
administered with the Therapeutics of the invention include, but axe not limited to, LEUKINE( 
(SARGRAMOSTMO and NEUPOGEN( {FILGRASTIMO- 

In an additional embodiment, the Therapeutics of the invention are administered in 
combination with Fibroblast Growth Factors. Fibroblast Growth Factors that may be administered 
with the Therapeutics of the invention include, but are not limited to, FGF-1, FGF-2, FGF-3, FGF-4, 
FGF-5, FGF-6, FGF-7, FGF-8, FGF-9, FGF-10, FGF-1 1, FGF-12, FGF-13, FGF-14, and FGF-15. 

In additional embodiments, the Therapeutics of the invention are administered in 
combination with other therapeutic or prophylactic regimens, such as, for example, radiation 
therapy. 
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Example 25 Example 29 - Method Of Treating Decreased Levels Of The Polypeptide. 

The present invention relates to a method for treating an individual in need of an increased 
level of a polypeptide of the invention in the body comprising administering to such an individual a 
composition comprising a therapeutically effective amount of an agonist of the invention (including 
polypeptides of the invention). Moreover, it will be appreciated that conditions caused by a decrease 
in the standard or normal expression level of a secreted protein in an individual can be treated by 
administering 'the polypeptide of the present invention, preferably in the secreted form. Thus, the 
invention also provides a method of treatment of an individual in need of an increased level of the 
polypeptide comprising administering to such an individual a Therapeutic comprising an amount of 
the polypeptide to increase the activity level of the polypeptide in such an individual. 

For example, a patient with decreased levels of a polypeptide receives a daily dose 0.1-100 
ug/kg of the polypeptide for six consecutive days. Preferably, the polypeptide is in the secreted form. 
The exact details of the dosing scheme, based on administration and formulation, are provided 
herein. 

Exnmplo 2 6Example 30 - Method Of Treating Increased Levels Of The Polypeptide. 

The present invention also relates to a method of treating an individual in need of a decreased 
level of a polypeptide of the invention in the body comprising administering to such an individual a 
composition comprising a therapeutically effective amount of an antagonist of the invention 
(including polypeptides and antibodies of the invention). 

In one example, antisense technology is used to inhibit production of a polypeptide of the 
present invention. This technology is one example of a method of decreasing levels of a polypeptide, 
preferably a secreted form, due to a variety of etiologies, such as cancer. For example, a patient 
diagnosed with abnormally increased levels of a polypeptide is administered intravenously antisense 
polynucleotides at 0,5, 1.0, 1.5, 2.0 and 3.0 mg/kg day for 21 days. This treatment is repeated after a 
7-day rest period if the treatment was well tolerated. The formulation of the antisense polynucleotide 
is provided herein. 
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Exanrolo 27 E xample 31 - Method Of Treatment Using Gene Therapy-Ex Vivo. 

One method of gene therapy transplants fibroblasts, which are capable of expressing a 
polypeptide, onto a patient. Generally, fibroblasts are obtained from a subject by skin biopsy. The 
resulting tissue is placed in tissue-culture medium and separated into small pieces. Small chunks of 
the tissue are placed on a wet surface of a tissue culture flask, approximately ten pieces are placed in 
each flask. The flask is turned upside down, closed tight and left at room temperature over night 
After 24 hours at room temperature, the flask is inverted and the chunks of tissue remain fixed to the 
bottom of the flask and fresh media (e.g- Ham's F12 media, with 10% FBS, penicillin and 
streptomycin) is added. The flasks are then incubated at 37 degree C for approximately one week. 

At this time, fresh media is added and subsequently changed every several days. After an 
additional two weeks in culture, a monolayer of fibroblasts emerge. The monolayer is trypsinized 
and scaled into larger flasks. 

pMV-7 (Kirschmeier, P.T. et aL, DNA, 7:219-25 (1988)), flanked by the long terminal 
repeats of the Moloney murine sarcoma virus, is digested with EcoRI and Hindlll and subsequently 
treated with calf intestinal phosphatase. The linear vector is fractionated on agarose gel and purified, 
using glass beads. 

The cDNA encoding a polypeptide of the present invention can be amplified using PCR 
primers which correspond to the 5' and 3' end sequences respectively as set forth in Example 10 
using primers and having appropriate restriction sites and initiation/stop codons, if necessary. 
Preferably, the 5 f primer contains an EcoRI site and the 3' primer includes a HindHI site. Equal 
quantities of the Moloney murine sarcoma virus linear backbone and the amplified EcoRI and 
Hindm fragment are added together, in the presence of T4 DNA ligase. The resulting mixture is 
maintained under conditions appropriate for ligation of the two fragments. The ligation mixture is 
then used to transform bacteria HB101, which are then plated onto agar containing kanamycin for 
the purpose of confirming that the vector has the gene of interest properly inserted. 

The amphotropic pA3l7 or GP+aml2 packaging cells are grown in tissue culture to 
confluent density in Dulbecco's Modified Eagles Medium (DMEM) with 10% calf serum (CS), 
penicillin and streptomycin. The MSY vector containing the gene is then added to the media and the 
packaging cells transduced with the vector. The packaging cells now produce infectious viral 
particles containing the gene (the packaging cells are now referred to as producer cells). 
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Fresh media is added to the transduced producer cells, and subsequently, the media is 
harvested from a 10 cm plate of confluent producer cells. The spent media, containing the infectious 
viral particles, is filtered through a millipore filter to- remove detached producer cells and this media 
is then used to infect fibroblast cells. Media is removed from a sub-confluent plate of fibroblasts and 
quickly replaced with the media from the producer cells. This media is removed and replaced with 
fresh media, If the titer of virus is high, then virtually all fibroblasts will be infected and no selection 
is required. If the titer is very low, then it is necessary to use a retroviral vector that has a selectable 
marker, such as neo or his. Once the fibroblasts have been efficiently infected, the fibroblasts are 
analyzed to determine whether protein is produced. 

The engineered fibroblasts are then transplanted onto the host, either alone or after having 
been grown to confluence on cytodex 3 microcarrier beads. 

Example 28 Example 32 - Gene Therapy Using Endogenous Genes Corresponding To 
Polynucleotides Of The Invention. 

Another method of gene therapy according to the present invention involves operably 
associating the endogenous polynucleotide sequence of the invention with a promoter via 
homologous recombination as described, for example, in U.S. Patent NO: 5,641,670, issued June 24, 
1997; International Publication NO: WO 96/29411, published September 26, 1996; International 
Publication NO: WO 94/12650, published August 4, 1994; Koller et aL, Proc. Natl. Acad. Sci. USA, 
86:8932-8935 (1989); and Zijlstra et aL, Nature, 342:435-438 (1989). This method involves the 
activation of a gene which is present in the target cells, but which is not expressed in the cells, or is 
expressed at a lower level than desired. 

Polynucleotide constructs are made which contain a promoter and targeting sequences, which 
are homologous to the 5' non-coding sequence of endogenous polynucleotide sequence, flanking the 
promoter. The targeting sequence will be sufficiently near the 5* end of the polynucleotide sequence 
so the promoter will be operably linked to the endogenous sequence upon homologous 
recombination. The promoter and the targeting sequences can be amplified using PCR. Preferably, 
the amplified promoter contains distinct restriction enzyme sites on the 5' and 3' ends. Preferably, the 
y end of the first targeting sequence contains the same restriction enzyme site as the 5' end of the 
amplified promoter and the 5' end of the second targeting sequence contains the same restriction site 
as the 3' end of the amplified promoter. 
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The amplified promoter and the amplified targeting sequences are digested with the 
appropriate restriction enzymes and subsequently treated with calf intestinal phosphatase. The 
digested promoter and digested targeting sequences are added together in the presence of T4 DNA 
ligase. The resulting mixture is maintained under conditions appropriate for ligation of the two 
fragments. The construct is size fractionated on an agarose gel then purified by phenol extraction and 
ethanol precipitation. 

In this Example, the polynucleotide constructs are administered as naked polynucleotides via 
electroporation. However, the polynucleotide constructs may also be administered with transfection- 
facilitating agents, such as liposomes, viral sequences, viral particles, precipitating agents, etc. Such 
methods of delivery are known in the art. 

Once the cells are transfected, homologous recombination will take place which results in the 
promoter being operably linked to the endogenous polynucleotide sequence. This results in the 
expression of polynucleotide corresponding to the polynucleotide in the cell. Expression may be 
detected by immunological staining, or any other method known in the art. 

Fibroblasts are obtained from a subject by skin biopsy. The resulting tissue is placed in 
DMEM + 10% fetal calf serum. Exponentially growing or early stationary phase fibroblasts are 
trypsinized and rinsed from the plastic surface with nutrient medium. An aliquot of the cell 
suspension is removed for counting, and the remaining cells are subjected to centrifugation. The 
supernatant is aspirated and the pellet is resuspended in 5 ml of electroporation buffer (20 mM 
HEPES pH 7.3, 137 mM NaCl, 5 mM KCl, 0.7 mM Na2 HP04, 6 mM dextrose). The cells are 
recentrifuged, the supernatant aspirated, and the cells resuspended in electroporation buffer 
containing 1 mg/ml acetylated bovine serum albumin. The final cell suspension contains 
approximately 3X106 cells/ml. Electroporation should be performed immediately following 
resuspension. 

Plasmid DNA is prepared according to standard techniques. For example, to construct a 
plasmid for targeting to the locus corresponding to the polynucleotide of the invention, plasmid 
pUC18 (MBI Fermentas, Amherst, NY) is digested with Hindm. The CMV promoter is amplified 
by PCR with an Xbal site on the 5' end and a BamHI site on the 3 f end. Two non-coding sequences 
are amplified via PCR: one non-coding sequence (fragment 1) is amplified with a Hindm site at the 
5' end and an Xba site at the 3'end; the other non-coding sequence (fragment 2) is amplified with a 
BamHI site at the 5'end and a Hindfll site at the 3'end. The CMV promoter and the fragments (1 and 
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2) are digested with the appropriate enzymes (CMV promoter - Xbal and BamHI; fragment 1 - Xbal; 
fragment 2 - BamHI) and ligated together. The resulting ligation product is digested with Hindin, 
and ligated with the HindlH-digested pUC18 plasmid. 

Plasmid DNA is added to a sterile cuvette with a 0.4 cm electrode gap (Bio-Rad). The final 
DNA concentration is generally at least 120 ug/ml. 0.5 ml of the cell suspension (containing 
approximately 1.5.X106 cells) is then added to the cuvette, and the cell suspension and DNA 
solutions are gently mixed. Electroporation is performed with a Gene-Pulser apparatus (Bio-Rad). 
Capacitance and voltage are set at 960 \iP and 250-300 V, respectively. As voltage increases, cell 
survival decreases, but the percentage of surviving cells that stably incorporate the introduced DNA 
into their genome increases dramatically. Given these parameters, a pulse time of approximately 14- 
20 mSec should be observed. 

Electroporated cells are maintained at room temperature for approximately 5 min, and the 
contents of the cuvette are then gently removed with a sterile transfer pipette. The cells are added 
directly to 10 ml of prewarmed nutrient media (DMEM with 15% calf serum) in a 10 cm dish and 
incubated at 37 degree C. The following day, the media is aspirated and replaced with 10 ml of fresh 
media and incubated for a further 16-24 hours. 

The engineered fibroblasts are then injected into the host, either alone or after having been 
grown to confluence on cytodex 3 microcarrier beads. The fibroblasts now produce the protein 
product. The fibroblasts can then be introduced into a patient as described above. 

Exnmple 2 9Exaropte 33 - Method Of Treatment Using Gene Therapy - In Vivo. 

Another aspect of the present invention is using in vivo gene therapy methods to treat 
disorders, diseases and conditions. The gene therapy method relates to the introduction of naked 
nucleic acid (DNA, RNA, and antisense DNA or RNA) sequences into an animal to increase or 
decrease the expression of the polypeptide. The polynucleotide of the present invention may be 
operatively linked to a promoter or any other genetic elements necessary for the expression of the 
polypeptide by the target tissue. Such gene therapy and delivery techniques and methods are known 
in the art, see, for example, WO90/11092, W098/11779; U.S. Patent NO. 5693622, 5705151, 
5580859; Tabata et al., Cardiovasc. Res. 35(3):470-479 (1997); Chao et al., Pharmacol. Res. 
35(6):517-522 (1997); Wolff, Neurorouscul. Disord. 7(5):3 14-318 (1997); Schwartz et al., Gene 
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Ther. 3(5):405-411 (1996); Tsurumi et aL v Cumulation 94(12):3281-3290 (1996) (incorporated 
herein by reference). 

The polynucleotide constructs may be delivered by any method that delivers injectable 
materials to the cells of an animal, such as, injection into the interstitial space of tissues (heart, 
muscle, skin, lung, liver, intestine and the like). The polynucleotide constructs can be delivered in a 
pharmaceutical^ acceptable liquid or aqueous carrier. 

The term "naked" polynucleotide, DNA or RNA, refers to sequences that are free from any 
delivery vehicle that acts to assist, promote, or facilitate entry into the cell, including viral 
sequences, viral particles, liposome formulations, lipofectin or precipitating agents and the like. 
However, the polynucleotides of the present invention may also be delivered in liposome 
formulations (such as those taught in Feigner P.L. et aL (1995) Ann. NY Acad. Sci. 772: 126-139 and 
Abdallah B. et aL (1995) BioL Cell 85(l):l-7) which can be prepared by methods well known to 
those skilled in the art. 

The polynucleotide vector constructs used in the gene therapy method are preferably 
constructs that will not integrate into the host genome nor will they contain sequences that allow for 
replication. Any strong promoter known to those skilled in the art can be used for driving the 
expression of DNA. Unlike other gene therapies techniques, one major advantage of introducing 
naked nucleic acid sequences into target cells is the transitory nature of the polynucleotide synthesis 
in the cells. Studies have shown that non-replicating DNA sequences can be introduced into cells to 
provide production of the desired polypeptide for periods of up to six months- 

The polynucleotide construct can be delivered to the interstitial space of tissues within the an 
animal, including of muscle, skin, brain, lung, liver, spleen, bone marrow, thymus, heart, lymph, 
blood, bone, cartilage, pancreas, kidney, gall bladder, stomach, intestine, testis, ovary, uterus, 
rectum, nervous system, eye, gland, and connective tissue. Interstitial space of the tissues comprises 
the intercellular fluid, mucopolysaccharide matrix among the reticular fibers of organ tissues, elastic 
fibers in the walls of vessels or chambers, collagen fibers of fibrous tissues, or that same matrix 
within connective tissue ensheathing muscle cells or in the lacunae of bone. It is similarly the space 
occupied by the plasma of the circulation and the lymph fluid of the lymphatic channels. Delivery to 
the interstitial space of muscle tissue is preferred for the reasons discussed below. They may be 
conveniently delivered by injection into the tissues comprising these cells. They are preferably 
delivered to and expressed in persistent, non-dividing cells which are differentiated, although 
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delivery and expression may be achieved in non-differentiated or less completely differentiated cells, 
such as, for example, stem cells of blood or skin fibroblasts. In vivo muscle cells are particularly 
competent in their ability to take up and express polynucleotides. 

For the naked polynucleotide injection, an effective dosage amount of DNA or RNA will be 
in the range of from about 0,05 g/kg body weight to about 50 mg/kg body weight. Preferably the 
dosage will be from about 0.O05 mg/kg to about 20 mg/kg and more preferably from about 0.05 
mg/kg to about 5 mg/kg. Of course, as the artisan of ordinary skill will appreciate, this dosage will 
vary according to the tissue site of injection. The appropriate and effective dosage of nucleic acid 
sequence can readily be determined by those of ordinary skill in the art and may depend on the 
condition being treated and the route of administration. The preferred route of administration is by 
the parenteral route of injection into the interstitial space of tissues. However, other parenteral routes 
may also be used, such as, inhalation of an aerosol formulation particularly for delivery to lungs or 
bronchial tissues, throat or mucous membranes of the nose. In addition, naked polynucleotide 
constructs can be delivered to arteries during angioplasty by the catheter used in the procedure. 

The dose response effects of injected polynucleotide in muscle in vivo is determined as 
follows. Suitable template DNA for production of mRNA coding for polypeptide of the present 
invention is prepared in accordance with a standard recombinant DNA methodology. The template 
DNA, which may be either circular or linear, is either used as naked DNA or complexed with 
liposomes. The quadriceps muscles of mice are then injected with various amounts of the template 
DNA. 

Five to six week old female and male Balb/C mice are anesthetized by intraperitoneal 
injection with 0.3 ml of 2.5% Avertin. A 1.5 cm incision is made on the anterior thigh, and the 
quadriceps muscle is directly visualized. The template DNA is injected in 0.1 ml of carrier in a 1 cc 
syringe through a 27 gauge needle over one minute, approximately 0.5 cm from the distal insertion 
site of the muscle into the knee and about 0.2 cm deep. A suture is placed over the injection site for 
future localization, and the skin is closed with stainless steel clips. 

After an appropriate incubation time (e.g., 7 days) muscle extracts are prepared by excising 
the entire quadriceps. Every fifth 15 am cross-section of the individual quadriceps muscles is 
histochemically stained for protein expression. A time course for protein expression may be done in 
a similar fashion except that quadriceps from different mice are harvested at different times. 
Persistence of DNA in muscle following injection may be determined by Southern blot analysis after 
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preparing total cellular DNA and HIRT supematants from injected and control mice. The results of 
the above experimentation in mice can be use to extrapolate proper dosages and other treatment 
parameters in humans and other animals using naked DNA. 

Example 3 0 Example 34 - Transgenic Animals, 

The polypeptides of the invention can also be expressed in transgenic animals. Animals .of 
any species, including, but not limited to, mice, rats, rabbits, hamsters, guinea pigs, pigs, micro-pigs, 
goats, sheep, cows and non-human primates, e.g., baboons, monkeys, and chimpanzees may be used 
to generate transgenic animals. In a specific embodiment, techniques described herein or otherwise 
known in the art, are used to express polypeptides of the invention in humans* as part of a gene 
therapy protocol 

Any technique known in the art may be used to introduce the transgene (i.e., polynucleotides 
of the invention) into animals to produce the founder lines of transgenic animals. Such techniques 
include, but are not limited to, pronuclear microinjection (Paterson et aL, AppL Miprobiol. 
Biotechnol. 40:691-698 (1994); Carver et aL. Biotechnology (NY) 11:1263-1270 (1993); Wright et 
aL, Biotechnology (NY) 9:830-834 (1991); and Hoppe et aL, U.S. Pat. No. 4,873,191 (1989)); 
retrovirus mediated gene transfer into germ lines (Van der Putten et aL, Proc, NatL Acad. Sci., USA 
82:6148-6152 (1985)), blastocysts or embryos; gene targeting in embryonic stem cells (Thompson et 
al. s Cell 56:313-321 (1989)); electroporation of cells or embryos (Lo, 1983, Mol Cell. Biol. 3:1803- 
1814 (1983)); introduction of the polynucleotides of the invention using a gene gun (see, e.g., Ulmer 
et at., Science 259:1745 (1993); introducing nucleic acid constructs into embryonic pleuripotent 
stem cells and transferring the stem cells back into the blastocyst; and sperm-mediated gene transfer 
(Lavitrano et aL, Cell 57:717-723 (1989); etc. For a review of such techniques, see Gordon, 
"Transgenic Animals/* IntL Rev, Cytol. 115:171-229 (1989), which is incorporated by reference 
herein in its entirety. 

Any technique known in the art may be used to produce transgenic clones containing 
polynucleotides of the invention, for example, nuclear transfer into enucleated oocytes of nuclei 
from cultured embryonic, fetal, or adult cells induced to quiescence (Campell et aL, Nature 380:64- 
66 (1996); Wilmut et aL, Nature 385:810-813 (1997)). 

The present invention provides for transgenic animals that carry the transgene in all their 
cells, as well as animals which cany the transgene in some, but not all their cells, i.e., mosaic 
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animals or chimeric. The transgene may be integrated as a single transgene or as multiple copies 
such as in concatamers, e,g„ head-to-head tandems or head-to-tail tandems. The transgene may also 
be selectively introduced into and activated in a particular cell type by following, for example, the 
teaching of Lasko et aL (Lasko et al., Proc. Natl. Acad. Sci. USA 89:6232-6236 (1992)). The 
regulatory sequences required for such a cell-type specific activation will depend upon the particular 
cell type of interest, and will be apparent to those of skill in the art. When it is desired that the 
polynucleotide transgene be integrated into the chromosomal site of the endogenous gene, gene 
targeting is preferred. Briefly, when such a technique is to be utilized, vectors containing some 
nucleotide sequences homologous to the endogenous gene are designed for the purpose of 
integrating, via homologous recombination with chromosomal sequences, into and disrupting the 
function of the nucleotide sequence of the endogenous gene. The transgene may also be selectively 
introduced into a particular cell type, thus inactivating the endogenous gene in only that cell type, by 
following, for example, the teaching of Gu et al. (Gu et al.» Science 265:103-106 (1994)). The 
regulatory sequences required for such a cell-type specific inactivation will depend upon the 
particular cell type of interest, and will be apparent to those of skill in the art. 

Once transgenic animals have been generated, the expression of the recombinant gene may 
be assayed utilizing standard techniques. Initial screening may be accomplished by Southern blot 
analysis or PCR techniques to analyze animal tissues to verify that integration of the transgene has 
taken place. The level of mRNA expression of the transgene in the tissues of the transgenic animals 
may also be assessed using techniques which include, but arc not limited to, Northern blot analysis 
of tissue samples obtained from the animal, in situ hybridization analysis, and reverse Iranscriptase- 
PCR(RT-PCR).. Samples of transgenic gene-expressing tissue may also be evaluated 
immunocytochemically or immunohistochemically using antibodies specific for the transgene 
product. 

Once the founder animal s are produced, they may be bred, inbred, outbred, or crossbred to 
produce colonies of the particular animal. Examples of such breeding strategies include, but are not 
limited to: outbreeding of founder animals with more than one integration site in order to establish 
separate lines; inbreeding of separate lines in order to produce compound transgenics that express 
the transgene at higher levels because of the effects of additive expression of each transgene; 
crossing of heterozygous transgenic animals to produce animals homozygous for a given integration 
site in order to both augment expression and eliminate the need for screening of animals by DNA 
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analysis; crossing of separate homozygous lines to produce compound heterozygous or homozygous 
lines; and breeding to place the transgene on a distinct background that is appropriate for an 
experimental model of interest. 

Transgenic animals of the invention have uses which include, but are not limited to, animal 
model systems useful in elaborating the biological function of polypeptides of the present invention, 
studying diseases, disorders, and/or conditions associated with aberrant expression, and in screening 
for compounds effective in ameliorating such diseases, disorders, arid/or conditions. 

Emmplo 3 tExample 35 - Knock-Out Animals. 

Endogenous gene expression can also be reduced by inactivating or "knocking out" the gene 
and/or its promoter using targeted homologous recombination. (E.g., see Smithies et al., Nature 
317:230-234 (1985); Thomas & Capeccbi, Cell 51:503-512 (1987); Thompson et al., Cell 5:313-321 
(1989); each of which is incorporated by reference herein in its entirety). For example, a mutant, 
non-functional polynucleotide of the invention (or a completely unrelated DNA sequence) flanked 
by DNA homologous to the endogenous polynucleotide sequence (either the coding regions or 
regulatory regions of the gene) can be used, with or without a selectable marker and/or a negative 
selectable marker, to transfect cells that express polypeptides of the invention in vivo. In another 
embodiment, techniques known in the art are used to generate knockouts in cells that contain, but do 
not express the gene of interest. Insertion of the DNA construct, via targeted homologous 
recombination, results in reactivation of the targeted gene. Such approaches are particularly suited in 
research and agricultural fields where modifications to embryonic stem cells can be used to generate 
animal offspring with an inactive targeted gene (e.g., see Thomas & Capecchi 1987 and Thompson 
1989, supra). However this approach can be routinely adapted for use in humans provided the 
recombinant DNA constructs are directly administered or targeted to the required site in vivo using 
appropriate viral vectors that will be apparent to those of skill in the art. 

In further embodiments of the invention, cells that are genetically engineered to express the 
polypeptides of the invention, or alternatively, that are genetically engineered not to express the 
polypeptides of the invention (e.g., knockouts) are administered to a patient in vivo. Such cells may 
be obtained from the patient (i.e., animal, including human) or an MHC compatible donor and can 
include, but are not limited to fibroblasts, bone marrow cells, blood cells (e.g., lymphocytes), 
adipocytes, muscle cells, endothelial cells etc. The cells are genetically engineered in vitro using 
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recombinant DNA techniques to introduce the coding sequence of polypeptides of the invention into 
the cells, or alternatively, to disrupt Che coding sequence and/or endogenous regulatory sequence 
associated with the polypeptides of the invention, e.g., by transduction (using viral vectors, and 
preferably vectors that integrate the transgene into the cell genome) or transfection procedures, 
including, but not limited to, the use of plasmids, cosmids, YACs, naked DNA, electroporation, 
liposomes, etc. The coding sequence of the polypeptides of the invention can be placed under the 
control of a strong constitutive or inducible promoter or promoter/enhancer to achieve expression, 
and preferably secretion, of the polypeptides of the invention. The engineered cells which express 
and preferably secrete the polypeptides of the invention can be introduced into the patient 
systemically, e.g., in the circulation, or intraperitoneally. 

Alternatively, the ceils can be incorporated into a matrix and implanted in the body, e.g., 
genetically engineered fibroblasts can be implanted as part of a skin graft; genetically engineeied 
endothelial cells can be implanted as part of a lymphatic or vascular graft. (See, for example, 
Anderson et al. U.S. Patent No. 5,399,349; and Mulligan & Wilson, U.S. Patent No. 5,460,959 each 
of which is incorporated by reference herein in its entirety). 

When the cells to be administered axe non-autologous or non-MHC compatible cells, they 
can be administered using well known techniques which prevent the development of a host immune 
response against the introduced cells. For example, the cells may be introduced in an encapsulated 
form which, while allowing for an exchange of components with the immediate extracellular 
environment, does not allow the introduced cells to be recognized by the host immune system. 

Transgenic and "knock-out" animals of the invention have uses which include, but are not 
limited to, animal model systems useful in elaborating the biological function of polypeptides of the 
present invention, studying diseases, disorders, and/or conditions associated with aberrant 
expression, and in screening for compounds effective in ameliorating such diseases, disorders, 
and/or conditions. 

Example 3 2 ExampIe 36 - Production Of An Antibody, 

a) Hybridoma Technology 

The antibodies of the present invention can be prepared by a variety of methods. (See, 

Current Protocols, Chapter 2.) As one example of such methods, cells expressing human 

phosphatase are administered to an animal to induce the production of sera containing polyclonal 
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antibodies. In a preferred method, a preparation of human phosphatase protein is prepared and 
purified to render it substantially free of natural contaminants. Such a preparation is then introduced 
into an animal in order to produce polyclonal antisera of greater specific activity. 

Monoclonal antibodies specific for protein human phosphatase are prepared using hybridoma 
technology. (Kohler et al., Nature 256:495 (1975); Kohler et aL, Eur. J. ImmunoL 6:511 (1976); 
Kohler et al., Eur. J. Immunol. 6:292 (1976); Hammerling et al., in: Monoclonal Antibodies and T- 
Cell Hybridomas, Elsevier, N.Y., pp. 563-681 (1981)). In general, an animal (preferably a mouse) is 
immunized with human phosphatase polypeptide or, more preferably, with a secreted human 
phosphatase polypeptide-expressing cell. Such polypeptide-expressing cells are cultured in any 
suitable tissue culture medium, preferably in Earle's modified Eagle's medium supplemented with 
10% fetal bovine serum (inactivated at about 56°C), and supplemented with about 10 g/1 of 
nonessential amino acids, about 1,000 U/ml of penicillin, and about 100 ng/ml of streptomycin. 

The splcnocytes of such mice are extracted and fused with a suitable myeloma cell line. Any 
suitable myeloma cell line may be employed in accordance with the present invention; however, it is 
preferable to employ the parent myeloma cell line (SP20), available from the ATCC After fusion, 
the resulting hybridoma cells are selectively maintained in HAT medium, and then cloned by 
limiting dilution as described by Wands et al. (Gastroenterology 80:225-232 (1981)). The hybridoma 
cells obtained through such a selection are then assayed to identify clones which secrete antibodies 
capable of binding the human phosphatase polypeptide. 

Alternatively, additional antibodies capable of binding to human phosphatase polypeptide 
can be produced in a two-step procedure using anti-idiotypic antibodies. Such a method makes use 
of the fact that antibodies are themselves antigens, and therefore, it is possible to obtain an antibody 
that binds to a second antibody. In accordance with this method, protein specific antibodies are used 
to immunize an animal, preferably a mouse. The spJenocytes of such an animal are then used to 
produce hybridoma cells, and the hybridoma cells are screened to identify clones which produce an 
antibody whose ability to bind to the human phosphatase protein-specific antibody can be blocked 
by human phosphatase. Such antibodies comprise anti-idiotypic antibodies to the human phosphatase 
protein-specific antibody and are used to immunize an animal to induce formation of further human 
phosphatase protein-specific antibodies. 

For in vivo use of antibodies in humans, an antibody is "humanized". Such antibodies can be 
produced using genetic constructs derived from hybridoma cells producing the monoclonal 
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antibodies described above. Methods for producing chimeric and humanized antibodies are known in 
the art and are discussed herein. (See, for review, Morrison, Science 229:1202 (1985); Oi et a!., 
BioTechniques 4:214 (1986); Cabilly et al., U.S. Patent No. 4,816,567; Tanigucbi et al., EP 171496; 
Morrison et al., EP 173494; Neuberger et al., WO 8601533; Robinson et al., WO 8702671; 
Boulianne et al., Nature 312:643 (1984); Neuberger et al., Nature 314:268 (1985).) 
b) Isolation Of Antibody Fragments Directed 
Against human phosphatase From A Library Of scFvs 

Naturally occurring V-genes isolated from human PBLs are constructed into a library of 
antibody fragments which contain reactivities against human phosphatase to which the donor may or 
may not have been exposed (see e.g., U.S. Patent 5,885,793 incorporated herein by reference in its 
entirety). 

Rescue of the Library. A library of scFvs is constructed from the RNA of human PBLs as 
described in PCT publication WO 92/01047. To rescue phage displaying antibody fragments, 
approximately 109 E. coli harboring the phagemid are used to inoculate 50 ml of 2xTY containing 
1% glucose and 100 ug/ml of ampicillin (2xTY-AMP-GLU) and grown to an O.D. of 0.8 with 
shaking. Five ml of this culture is used to inoculate 50 ml of 2xTY-AMP-GLU, 2 x 108 TU of delta 
gene 3 helper (M13 delta gene III, see PCT publication WO 92/01047) are added and the culture 
incubated at 37 °C for 45 minutes without shaking and then at 37°C for 45 minutes with shaking. The 
culture is centrifuged at 4000 r.p.m. for 10 min. and the pellet resuspended in 2 liters of 2xTY 
containing 100 jj,g/ml ampicillin and 50 ug/ml kanamycin and grown overnight. Phage are prepared 
as described in PCT publication WO 92/01047. 

M13 delta gene m is prepared as follows: M13 delta gene III helper phage does not encode 
gene m protein, hence the phage(mid) displaying antibody fragments have a greater avidity of 
binding to antigen. Infectious M13 delta gene ITI particles are made by growing the helper phage in 
cells harboring a pUC19 derivative supplying the wild type gene m protein during phage 
morphogenesis. The culture is incubated for 1 hour at 37° C without shaking and then for a further 
hour at 37°C with shaking. Cells are spun down (IEC-Centra 8,400 r.p.m. for 10 min), resuspended 
in 300 ml 2xTY broth containing 100 ug ampiciUin/ml and 25 ug kanamycin/ml (2xTY-AMP-KAN) 
and grown overnight, shaking at 37°C. Phage particles are purified and concentrated from the culture 
medium by two PEG-precipitations (Sambrook et al., 1990), resuspended in 2 ml PBS and passed 
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through a 0.45 \im filter (Minisart NML; Sartorius) to give a final concentration of approximately 
1013 transducing units/ml (ampicillin-resistant clones) , 

Panning of the Library, Immunotubes (Nunc) are coated overnight in PBS with 4 ml of either 
100 jig/ml or 10 (jig/ml of a polypeptide of the present invention. Tubes are blocked with 2% 
Marvel-PBS for 2 hours at 37°C and then washed 3 times in PBS. Approximately 1013 TU of phage 
is applied to the tube and incubated for 30 minutes at room temperature tumbling on an over and 
under turntable and then left to stand for another 1.5 hours. Tubes are washed 10 times with PBS 
0,1% Tween-20 and 10 times with PBS. Phage are eluted by adding 1 ml of 100 mM triethylamine 
and rotating 15 minutes on an under and over turntable after which the solution is immediately 
neutralized with 0.5 ml of 1.0M Tris-HCI, pH 7.4. Phage are then used to infect 10 ml of mid-log E. 
coli TGI by incubating eluted phage with bacteria for 30 minutes at 37°C. The E. coli are then plated 
on TYE plates containing 1% glucose and 100 ng/ml ampicillin. The resulting bacterial library is 
then rescued with delta gene 3 helper phage as described above to prepare phage for a subsequent 
round of selection. This process is then repeated for a total of 4 rounds of affinity purification with 
tube- washing increased to 20 times with PBS, 0.1% Tween-20 and 20 times with PBS for rounds 3 
and 4. 

Characterization of Binders. Eluted phage from the 3rd and 4th rounds of selection are used 
to infect E. coli HB 2151 and soluble scFv is produced (Marks, et aL, 1991) from single colonies for 
assay. ELISAs are performed with microtitre plates coated with either 10 pg/ml of the polypeptide of 
the present invention in 50 mM bicarbonate pH 9.6. Clones positive in ELISA are further 
characterized by PCR fingerprinting (see, e.g., PCT publication WO 92/01047) and then by 
sequencing. These ELISA positive clones may also be further characterized by techniques known in 
the art, such as, for example, epitope mapping, binding affinity, receptor signal transduction, ability 
to block or competitively inhibit antibody/antigen binding, and competitive agonistic or antagonistic 
activity. 

Example 33 Examnle 37 - Assays Detecting Stimulation Or Inhibition Of B Cell Proliferation 
And Differentiation. 

Generation of functional humoral immune responses requires both soluble and cognate 
signaling between B-lincage cells and their microenvironment Signals may impart a positive 
stimulus that allows a B-lineage cell to continue its programmed development, or a negative 
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stimulus that instincts the cell to arrest its current developmental pathway. To date, numerous 
stimulatory and inhibitory signals have been found to influence B cell responsiveness including IL-2, 
IL-4, IL-5, IL-6, IL-7, IL10, IL-13, IL-14 and IL-15. Interestingly, these signals are by themselves 
weak effectors but can, in combination with various co-stimulatory proteins, induce activation, 
proliferation, differentiation, homing, tolerance and death among B cell populations. 

One of the best studied classes of B-cell co-stimulatpry proteins is the TNF-superfamily. 
Within this family CD40 t CD27, and CD30 along with their respective ligands CD154, CD70, and 
CD153 have been found to regulate a variety of immune responses. Assays which allow for the 
detection and/or observation of the proliferation and differentiation of these B-cell populations and 
their precursors are valuable tools in determining the effects various proteins may have on these B- 
cell populations in terms of proliferation and differentiation. listed below are two assays designed to 
allow for the detection of the differentiation, proliferation, of inhibition of B-cell populations and 
their precursors. 

In Vitro Assay- Purified polypeptides of the invention, or truncated forms thereof, is assessed 
for its ability to induce activation, proliferation, differentiation or inhibition and/or death in B-cell 
populations and their precursors. The activity of the polypeptides of the invention on purified human 
tonsillar B cells, measured qualitatively over the dose range from 0.1 to 10,000 ng/mL, is assessed in 
a standard B-lymphocyte co-stimulation assay in which purified tonsillar B ceUs are cultured in the 
presence of either formalin-fixed Staphylococcus aureus Cowan 1 (SAC) or immobilized anti-human 
IgM antibody as the priming agent Second signals such as JL-2 and IL-15 synergize with SAC and 
IgM ctosslinking to elicit B cell proliferation as measured by tritiated-thymidine incorporation. 
Novel synergizing agents can be readily identified using this assay. The assay involves isolating 
human tonsillar B cells by magnetic bead (MACS) depletion of CD3-positive cells. The resulting 
cell population is greater than 95% B ceDs as assessed by expression of CD45R(B220). 

Various dilations of each sample are placed into individual wells of a 96-well plate to which 
are added 105 B-cells suspended in culture medium (RPMI 1640 containing 10% FBS, 5 X 10-5M 
2ME, lOOU/ml penicillin, lOug/ml streptomycin, and 10-5 dilution of SAC) in a total volume of 
150uL Proliferation or inhibition is quantitated by a 20h pulse (luCi/well) with 3H-thymidine (6.7 
Ci/mM) beginning 72h post factor addition. The positive and negative controls are IL2 and medium 
respectively. 
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In Vivo Assay- BALB/c mice are injected (i.p.) twice per day with buffer only, or 2 mg/Kg 
of a polypeptide of the invention, or truncated forms thereof. Mice receive this treatment for 4 
consecutive days, at which time they are sacrificed and various tissues and serum collected for 
analyses. Comparison of H&E sections from normal spleens and spleens treated with polypeptides of 
the invention identify the results of the activity of the polypeptides on spleen cells, such as the 
diffusion of peri-arterial lymphatic sheaths, and/or significant increases in the nucleated cellularity 
of the red pulp regions, which may indicate the activation of the differentiation and proliferation of 
B-cell populations. Immunohistochemical studies using a B cell marker, anti-CD45R(B220), are 
used to determine whether any physiological changes to splenic cells, such as splenic 
disorganization, are due to increased B-cell representation within loosely defined B-cell zones that 
infiltrate established T-cell regions. 

Flow cytometric analyses of the spleens from mice treated with polypeptide is used to 
indicate whether the polypeptide specifically increases the proportion of ThB+, CD45R(B220)dull B 
cells over that which is observed in control mice. 

Likewise, a predicted consequence of increased mature B-cell representation in vivo is a 
relative increase in serum Tg titers. Accordingly, serum IgM and IgA levels are compared between 
buffer and polypeptidc-treated mice. 

One skilled in the art could easily modify the exemplified studies to test the activity of 
polynucleotides of die invention (e.g., gene therapy), agonists, and/or antagonists of polynucleotides 
or polypeptides of the invention. 

Example 3 4Examnle 38 - T Cell Proliferation Assay. 

A CD34nduced proliferation assay is performed on PBMCs and is measured by the uptake of 

3H-thymidine. The assay is performed as follows. Ninety-six well plates are coated with 100 (1/well 

of mAb to CD3 (HIT3a, Pharmingen) or isotype-matched control mAb (B33.1) overnight at 4 

degrees C (1 (g/ml in .05M bicarbonate buffer, pH 9.5), then washed three times with PBS. PBMC 

arc isolated by F/H gradient centrifugation from human peripheral blood and added to quadruplicate 

wells (5 x 104/weil) of mAb coated plates in RPMI containing 10% FCS and P/S in the presence of 

varying concentrations of polypeptides of the invention (total volume 200 ul). Relevant protein 

buffer and medium alone are controls. After 48 hr. culture at 37 degrees C, plates are spun for 2 min. 

at 1000 rpm and 100 (1 of supernatant is removed and stored -20 degrees C for measurement of IL-2 
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(or other cytokines) if effect on proliferation is observed. Wells are supplemented with 100 ul of 
medium containing 0.5 uCi of 3H-thymidine and cultured at 37 degrees C for 18-24 hr. Wells are 
harvested and incorporation of 3H-thymidine used as k measure of proliferation. Anti-CD3 alone is 
the positive control for proliferation. IL-2 (100 U/ml) is also used as a control which enhances 
proliferation. Control antibody which does not induce proliferation of T cells is used as the negative 
controls for the effects of polypeptides of the invention. 

One skilled in the art could easily modify the exemplified studies to test the activity of 
polynucleotides of the invention (e.g., gene therapy), agonists, and/or antagonists of polynucleotides 
or polypeptides of the invention. 

Example 35 Example 39 - Effect Of Polypeptides Of The Invention On The Expression Of 
MHC Class II, Costimulatory And Adhesion Molecules And CeU Differentiation Of Monocytes 
And Monocyte-Derived Human Dendritic Cells. 

Dendritic cells are generated by the expansion of proliferating precursors found in the 
peripheral blood: adherent PBMC or elutriated monocytic fractions are cultured for 7-10 days with 
GM-CSF (50 ng/ml) and E^4 (20 ng/ml). These dendritic cells have the characteristic phenotype of 
immature cells (expression of CD1, CD80, CD86, CD40 and MHC class II antigens). Treatment 
with activating factors, such as TNF-(, causes a rapid change in surface phenotype (increased 
expression of MHC class I and n, costimulatory and adhesion molecules, downregulation of FC(RH, 
upiegulation of CD83). These changes correlate with increased antigen-presenting capacity and with 
functional maturation of the dendritic cells. 

FACS analysis of surface antigens is performed as follows. Cells are treated 1-3 days with 
increasing concentrations of polypeptides of the invention or LPS (positive control), washed with 
PBS containing 1% BSA and 0.02 mM sodium azide, and then incubated with 1:20 dilution of 
appropriate FITC- or PE-labeled monoclonal antibodies for 30 minutes at 4 degrees C. After an 
additional wash, the labeled cells are analyzed by flow cytometry on a FACScan (Becton 
Dickinson). 

Effect on the production of cytokines. Cytokines generated by dendritic cells, in particular 
IL-12, are important in the initiation of T-cell dependent immune responses. IL-12 strongly 
influences the development of Thl helper T-cell immune response, and induces cytotoxic T and NK 
cell function. An ELISA is used to measure the IL-12 release as follows. Dendritic cells (106/ml) are 
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treated with increasing concentrations of polypeptides of the invention for 24 hours. LPS (100 
ng/ml) is added to the cell culture as positive control. Supernatants from the cell cultures are then 
collected and analyzed for IL-12 content using commercial ELISA kit(e.g., R&D Systems 
(Minneapolis, MN)). The standard protocols provided with the kits are used. 

Effect on the expression of MHC Class II, costimulatory and adhesion molecules. Three 
major families of cell surface antigens can be identified on monocytes: adhesion molecules, 
molecules involved in antigen presentation, and Fc receptor. Modulation of the expression of MHC 
class II antigens and other costimulatory molecules, such as B7 and ICAM-1, may result in changes 
in the antigen presenting capacity of monocytes and ability to induce T cell activation. Increase 
expression of Fc receptors may correlate with improved monocyte cytotoxic activity, cytokine 
release and phagocytosis. 

FACS analysis is used to examine the surface antigens as follows. Monocytes are treated 1-5 
days with increasing concentrations of polypeptides of the invention or LPS (positive control), 
washed with PBS containing 1% BSA and 0.02 raM sodium azide, and then incubated with J:20 
dilution of appropriate FTTC- or PE-labeled monoclonal antibodies for 30 minutes at 4 degrees C. 
After an additional wash, the labeled cells are analyzed by flow cytometry on a FACScan (Becton 
Dickinson). 

Monocyte activation and/or increased survival. Assays for molecules that activate (or 
alternatively, inactivate) monocytes and/or increase monocyte survival (or alternatively, decrease 
monocyte survival) are known in the art and may routinely be applied to determine whether a 
molecule of the invention functions as an inhibitor or activator of monocytes. Polypeptides, agonists, 
or antagonists of the invention can be screened using the three assays described below. For each of 
these assays, Peripheral blood mononuclear cells (PBMC) are purified from single donor leukopacks 
(American Red Cross, Baltimore, MD) by centrifugation through a Histopaque gradient (Sigma). 
Monocytes are isolated from PBMC by counterflow centrifugal elutriation. 

Monocyte Survival Assay. Human peripheral blood monocytes progressively lose viability 
when cultured in absence of serum or other stimuli Their death results from internally regulated 
process (apoptosis). Addition to the culture of activating factors, such as TNF-alpha dramatically 
improves cell survival and prevents DNA fragmentation. Propidium iodide (PI) staining is used to 
measure apoptosis as follows. Monocytes are cultured for 48 hours in polypropylene tubes in serum- 
free medium (positive control), in the presence of 100 ng/ml TNF-alpha (negative control), and in 
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the presence of varying concentrations of the compound to be tested. Cells are suspended at a 
concentration of 2 x 106/ml in PBS containing PI at a final concentration of 5 (g/ml, and then 
incubated at room temperature for 5 minutes before FACScan analysis. PI uptake has been 
demonstrated to correlate widi DNA fragmentation in this experimental paradigm. 

Effect on cytokine release. An important function of monocytes/macrophages is their 
regulatory activity on other cellular populations of the immune system through the release of 
cytokines after stimulation. An ELISA to measure cytokine release is performed as follows. Human 
monocytes are incubated at a density of 5x105 cells/ml with increasing concentrations of the a 
polypeptide of the invention and under the same conditions, but in the absence of the polypeptide. 
For IL-12 production, the cells are primed overnight with IFN (100 U/ml) in presence of a 
polypeptide of the invention. LPS (10 ng/ml) is then added. Conditioned media are collected after 
24h and kept frozen until use. Measurement of TNF-alpha, IL-10, MCP-1 and IL-8 is then 
performed using a commercially available ELISA kit(e.g., R&D Systems (Minneapolis, MN)) and 
applying the standard protocols provided with the kit. 

Oxidative burst. Purified monocytes are plated in 96-w plate at 2-1x105 cell/well. Increasing 
concentrations of polypeptides of the invention are added to the wells in a total volume of 0.2 ml 
culture medium (RPMI 1640 + 10% FCS, glutamine and antibiotics). After 3 days incubation, the 
plates are centrifuged and the medium is removed from the wells. To the macrophage monolayers, 
0.2 ml per well of phenol red solution (140 mM NaCl, 10 mM potassium phosphate buffer pH 7.0, 
5.5 mM dextrose, 0.56 mM phenol red and 19 U/ml of HRPO) is added, together with the stimulant 
(200 nM PMA). The plates are incubated at 37(C for 2 hours and the reaction is stopped by adding 
20 \il IN NaOH per well. The absorbance is read at 610 nm. To calculate the amount of H202 
produced by the macrophages, a standard curve of a H202 solution of known molarity is performed 
for each experiment 

One skilled in the art could easily modify the exemplified studies to test the activity of 
polynucleotides of the invention (e.g., gene therapy), agonists, and/or antagonists of polynucleotides 
of polypeptides of the invention. 
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Example 3 6ExaroP)e 40 - Biological Effects of human phosphatase Polypeptides of the 
Invention. 

Astrocyte and Neuronal Assays. 

Recombinant polypeptides of the invention, expressed in Escherichia coli and purified as 
described above, can be tested for activity in promoting the survival, neurite outgrowth, or 
phenotypic differentiation of cortical neuronal cells and for inducing the proliferation of glial 
fibrillary acidic protein immunopositive cells, astrocytes. The selection of cortical cells for the 
bioassay is based on the prevalent expression of FGF-1 and FGF-2 in cortical structures and on the 
previously reported enhancement of cortical neuronal survival resulting from FGF-2 treatment. A 
thymidine incorporation assay, for example, can be used to elucidate a polypeptide of the invention's 
activity on these cells. 

Moreover, previous reports describing the biological effects of FGF-2 (basic FGF) on 
cortical or hippocampal neurons in vitro have demonstrated increases in both neuron survival and 
neurite outgrowth (Walicke et aL, "Fibroblast growth factor promotes survival of dissociated 
hippocampal neurons and enhances neurite extension/' Proc. Natl. Acad. Sci. USA 83:3012-3016. 
(1986), assay herein incorporated by reference in its entirety). However, reports from experiments 
done on PC- 12 cells suggest that these two responses are not necessarily synonymous and may 
depend on not only which FGF is being tested but also on which receptor(s) are expressed on the 
target cells. Using the primary cortical neuronal culture paradigm, the ability of a polypeptide of the 
invention to induce neurite outgrowth can be compared to the response achieved with FGF-2 using, 
for example, a thymidine incorporation assay. 

Fibroblast and endothelial cell assays. 

Human lung fibroblasts are obtained from Clonetics (San Diego, CA) and maintained in 
growth media from Clonetics. Dermal microvascular endothelial cells are obtained from Cell 
Applications (San Diego, CA). For proliferation assays, the human lung fibroblasts and dermal 
microvascular endothelial cells can be cultured at 5,000 cells/well in a 96-well plate for one day in 
growth medium. The cells arc then incubated foi one day in 0.1% BSA basal medium. After 
replacing the medium with fresh 0.1% BSA medium, the cells are incubated with the test proteins for 
3 days. Alamar Blue (Alamar Biosciences, Sacramento, CA) is added to each well to a final 
concentration of 10%. The cells are incubated for 4 hr. Cell viability is measured by reading in a 
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CytoHuor fluorescence reader. For the PGE2 assays, the human lung fibroblasts are cultured at 
5,000 cells/well in a 96-well plate for one day. After a medium change to 0.1% BSA basal medium, 
the cells are incubated with FGF-2 or polypeptides of the invention with or without IL-1( for 24 
hours. The supernatante are collected and assayed for PGE2 by BIA kit (Cayman, Ann Arbor, MI). 
For the IL-6 assays, the human lung fibroblasts are cultured at 5,000 cells/well in a 96-well plate for 
one day, After a medium change to 0.1% BSA basal medium, the cells are incubated with FGF-2 or 
with or without polypeptides of the invention IL-1( for 24 hours. The supematants are collected and 
assayed for TLr6 by ELISA kit (Endogen, Cambridge, MA). 

Human lung fibroblasts are cultured with FGF-2 or polypeptides of the invention for 3 days 
in basal medium before the addition of Alamar Blue to assess effects on growth of the fibroblasts. 
FGF-2 should show a stimulation at 10 - 2500 ng/ml which can be used to compare stimulation with 
polypeptides of the invention. 

Parkinson Models. 

The loss of motor function in Parkinson's disease is attributed to a deficiency of striatal 
dopamine resulting from the degeneration of the nigrostriatal dopaminergic projection neurons. An 
animal model for Parkinson's that has been extensively characterized involves the systemic 
administration of l-methyl-4 phenyl 1,2,3,6-tetrahydropyridine (MPTP). In the CNS, MPTP is 
taken-up by astrocytes and calabolized by monoamine oxidase B to l-methyl-4-phenyl pyridine 
(MPP+) and released. Subsequently, MPP+ is actively accumulated in dopaminergic neurons by the 
high-affmity reuptake transporter for dopamine. MPP+ is then concentrated in mitochondria by the 
electrochemical gradient and selectively inhibits nicotidamide adenine diphosphate: ubiquinone 
oxidoreductionase (complex I), thereby interfering with electron transport and eventually generating 
oxygen radicals. 

It has been demonstrated in tissue culture paradigms that FGF-2 (basic FGF) has trophic 
activity towards nigral dopaminergic neurons (Ferrari et al., Dev. Biol. 1989). Recently, Dr. 
Unsicker's group has demonstrated that administering FGF-2 in gel foam implants in the striatum 
results in the near complete protection of nigral dopaminergic neurons from the toxicity associated 
with MPTP exposure (Otto and Unsicker, J. Neuroscience, 1990). 

Based on the data with FGF-2, polypeptides of the invention can be evaluated to determine 
whether it has an action similar to that of FGF-2 in enhancing dopaminergic neuronal survival in 
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vitro and it can also be tested in vivo for protection of dopaminergic neurons in the striatum from the 
damage associated with MPTP treatment. The potential effect of a polypeptide of the invention is 
first examined in vitro in a dopaminergic neuronal cell culture paradigm. The cultures are prepared 
by dissecting the midbrain floor plate from gestation day 14 Wistar rat embryos. The tissue is 
dissociated with trypsin and seeded at a density of 200,000 cells/cm2 on polyorthinine-lannnin 
coated glass coverslips. The cells are maintained in Dulbecco's Modified Eagle's medium and F12 
medium containing hormonal supplements (Nl ). The cultures arc fixed with paraformaldehyde after 
8 days in vitro and are processed for tyrosine hydroxylase, a specific marker for dopaminergic 
neurons, immunobJStochemical staining. Dissociated cell cultures are prepared from embryonic rats. 
The culture medium is changed every third day and the factors are also added at that time. 

Since the dopaminergic neurons are isolated from animals at gestation day 14, a 
developmental time which is past the stage when the dopaminergic precursor cells are proliferating, 
an increase in the number of tyrosine hydroxylase immunopositive neurons would represent an 
increase in the number of dopaminergic neurons surviving in vitro. Therefore, if a polypeptide of the 
invention acts to prolong the survival of dopaminergic neurons, it would suggest that the polypeptide 
may be involved in Parkinson's Disease, 

One skilled in the art could easily modify the exemplified studies to test the activity of 
polynucleotides of the invention (e.g., gene therapy), agonists, and/or antagonists of polynucleotides 
or polypeptides of the invention- 



Invention On The Growth Of Vascular Endothelial Colls. 

On day 1, human umbilical vein endothelial cells (HUVEC) are seeded at 2-5x104 cells/35 
mm dish density in M199 medium containing 4% fetal bovine serum (FBS), 16 units/ml heparin, and 
50 units/ml endothelial cell growth supplements (ECGS, Biotechnique, Inc/)* On day 2, the medium 
is replaced with M199 containing 10% FBS, 8 units/ml heparin, A polypeptide having the amino 
acid sequence of SEQ ID NO:150, 152, 8, 10, 42, or 109, and positive controls, such as VEGF and 
basic FGF (bFGF) are added, at varying concentrations. On days 4 and 6, the medium is replaced. 
On day 8, cell number is determined with a Coulter Counter. 

An increase in the number of HUVEC cells indicates that the polypeptide of the invention 
may proliferate vascular endothelial cells. 




framgfe 41 - The Effect Of The human phosphatase Polypeptides Of The 
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One skilled in the art could easily modify the exemplified studies to test the activity of 
polynucleotides of the invention (e.g., gene therapy), agonists, and/or antagonists of polynucleotides 
or polypeptides of the invention. 

Eg amplo 3 8 E xample 42 - Stimulatory Effect Of Polypeptides Of The Invention On The 
Proliferation Of Vascular Endothelial Cells. 

For evaluation of mitogenic activity of growth factors, the colorimetric MTS (3-(4,5- 
dimethyltMazol-2-yl)-5K3^art^ assay with the 

electron coupling reagent PMS (phenazine methosulfate) was performed (CeUTtter 96 AQ, 
Promega), Cells are seeded in a 96-well plate (5,000 cells/well) in 0.1 mL serum-supplemented 
medium and are allowed to attach overnight After serum-starvation for 12 hours in 0.5% FBS, 
conditions (bFGF, VEGF165 or a polypeptide of the invention in 0.5% FBS) with or without 
Heparin (8 U/ml) are added to wells for 48 hours. 20 mg of MTS/PMS mixture (1:0.05) are added 
per well and allowed to incubate for J hour at 37°C before measuring the absorbance at 490 nm in an 
ELIS A plate reader Background absorbance from control wells (some media, no cells) is subtracted, 
and seven wells are performed in parallel for each condition. See, Leak et al. In Vitro Cell, Dev. 
Biol 30A:512-518(1994). 

One skilled in the art could easily modify the exemplified studies to test the activity of 
polynucleotides of the invention (e.g., gene therapy), agonists, and/or antagonists of polynucleotides 
or polypeptides of the invention. 

Example 3 9Example 43 - Inhibition Of PDGF-Induced Vascular Smooth Muscle Cell 
Proliferation Stimulatory Effect. 

HAoSMC proliferation can be measured, for example, by BrdUrd incorporation. Briefly, 
subconfluent, quiescent cells grown on the 4-chamber slides are transfected with CRP or FTTC- 
labeled AT2-3LP. Then, the cells are pulsed with 10% calf serum and 6 mg/ml BrdUrd. After 24 h, 
immunocytochemistry is performed by using BrdUrd Staining Kit (Zymed Laboratories). In brief, 
the cells are incubated with the biotinylated mouse anti-BrdUrd antibody at 4 degrees C for 2 h after 
being exposed to denaturing solution and then incubated with the streptavidin-peroxidase and 
diaminobenzidine. After counterstaining with hematoxylin, the cells are mounted for microscopic 
examination, and the BrdUrd-positive cells are counted. The BrdUrd index is calculated as a percent 
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of the BrdUrd-positive cells to the total cell number. In addition, the simultaneous detection of the 
BrdUrd staining (nucleus) and the FTTC uptake (cytoplasm) is performed for individual cells by the 
concomitant use of bright field illumination and dark fieid-UV fluorescent illumination. See, 
Hayashida et al„ J. Biol Chem. 6:271(36):21985-21992 (1996), 

One skilled in the art could easily modify the exemplified studies to test the activity of 
polynucleotides of the invention (e.g., gene therapy), agonists, and/or antagonists of polynucleotides 
or polypeptides of the invention. 

Example 4 0 E*ample 44 - Stimulation Of Endothelial Migration. 

This example will be used to explore the possibility that a polypeptide of the invention may 
stimulate lymphatic endothelial cell migration. 

Endothelial cell migration assays are performed using a 48 well microchemotaxis chamber 
(Neuroprobe Inc., Cabin John, MD; Falk, W., et al., J. Immunological Methods 1980;33:239-247). 
Polyvinyipyrrolidone-free polycarbonate filters with a pore size of 8 um (Nucleopore Corp. 
Cambridge, MA) are coated with 0.1% gelatin for at least 6 hours at room temperature and dried 
under sterile air. Test substances are diluted to appropriate concentrations in M199 supplemented 
with 0.25% bovine serum albumin (BSA), and 25 ul of the final dilution is placed in the lower 
chamber of the modified Boyden apparatus. Subconfluent, early passage (2-6) HUVEC or BMEC 
cultures are washed and trypsinized for the minimum time required to achieve cell detachment After 
placing the filter between lower and upper chamber, 2.5 x 105 cells suspended in 50 ul M199 
containing 1% FBS are seeded in the upper compartment. The apparatus is then incubated for 5 
hours at 37°C in a humidified chamber with 5% C02 to allow cell migration. After the incubation 
period, the filler is removed and the upper side of the filter with the non-migrated cells is scraped 
with a rubber policeman. The filters are fixed with methanol and stained with a Giemsa solution 
(Diff-Quick, Baxter, McGraw Park, IL). Migration is quantified by counting cells of three random 
high-power fields (40x) in each well, and all groups are performed in quadruplicate. 

One skilled in the art could easily modify the exemplified studies to test the activity of 
polynucleotides of the invention (e.g., gene therapy), agonists, and/or antagonists of polynucleotides 
or polypeptides of the invention. 
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Example 4 1 E xample 45 - Stimulation Of Nitric Oxide Production By Endothelial Cells. 

Nitric oxide released by the vascular endothelium is believed to be a mediator of vascular 
endothelium relaxation. Thus, activity of a polypeptide of the invention can be assayed by 
determining nitric oxide production by endothelial cells in response to the polypeptide. 

Nitric oxide is measured in 96-well plates of confluent microvascular endothelial cells after 
24 hours starvation and a subsequent 4 hr exposure to various levels of a positive control (such as 
VBGF-1) and the polypeptide of the invention. Nitric oxide in the medium is determined by use of 
the Griess reagent to measure total nitrite after reduction of nitric oxide-derived nitrate by nitrate 
reductase. The effect of the polypeptide of the invention on nitric oxide release is examined on 
HUVEC. 

Briefly, NO release from cultured HUVEC monolayer is measured with a NO-specific 
poJarographic electrode connected to a NO meter (Iso-NO, World Precision Instruments Inc.) 
(1049). Calibration of the NO elements is performed according to the following equation: 

2KNO2 + 2KI + 2H2SO4 62N0 + I2 + 2H20 + 2K2SO4 

The standard calibration curve is obtained by adding graded concentrations of KN02 (0, 5, 
10, 25, 50, 100, 250, and 500 nmol/L) into the calibration solution containing KI and H2S04. The 
specificity of the Iso-NO electrode to NO is previously determined by measurement of NO from 
authentic NO gas (1050). The culture medium is removed and HUVECs are washed twice with 
Dulbecco's phosphate buffered saline. The cells are then bathed in 5 ml of filtered Krebs-Henseleit 
solution in 6-well plates, and the cell plates are kept on a slide warmer (Lab Line Instruments Inc>) 
To maintain the temperature at 37°C. The NO sensor probe is inserted vertically into the wells, 
keeping the tip of the electrode 2 mm under the surface of the solution, before addition of the 
different conditions. S-nitroso acetyl penicillamin (SNAP) is used as a positive control. The amount 
of released NO is expressed as picomoles per 1x106 endothelial cells. All values reported are means 
of four to six measurements in each group (number of cell culture wells). See, Leak et aL Biochem. 
and Biophys. Res. Comm. 217:96-105 (1995). 

One skilled in the art could easily modify the exemplified studies to test the activity of 
polynucleotides of the invention (e.g., gene therapy), agonists, and/or antagonists of polynucleotides 
or polypeptides of the invention. 
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Example 42Example 46 - Effect Of human phosphatase Polypepides Of The Invention On 
Cord Formation In Angiogenesis* 

Another step in angiogenesis is cord formation, marked by differentiation of endothelial 
cells. This bioassay measures the ability of microvascular endothelial cells to form capillary-like 
structures (hollow structures) when cultured in vitro. 

CADMEC (microvascular endothelial cells) are purchased from Cell Applications, Inc. as 
proliferating (passage 2) cells and are cultured in Cell Applications 1 CADMEC Growth Medium and 
used at passage 5. For the in vitro angiogenesis assay, the wells of a 48-well cell culture plate are 
coated with Cell Applications 1 Attachment Factor Medium (200 ml/well) for 30 min. at 37°C. 
CADMEC are seeded onto the coated wells at 7,500 cells/well and cultured overnight in Growth 
Medium. The Growth Medium is then replaced with 300 mg Cell Applications' Chord Formation 
Medium containing control buffer or a polypeptide of the invention (0,1 to 100 ng/ml) and the cells 
are cultured for an additional 48 hr. The numbers and lengths of the capillary-like chords are 
quantitated through use of the Boeckeler VTA- 170 video image analyzer. All assays are done in 
triplicate. 

Commercial (R&D) VEGF (50 ng/ml) is used as a positive control, b-esteradiol (1 ng/ml) is 
used as a negative control- The appropriate buffer (without protein) is also utilized as a control. 

One .skilled in the art could easily modify the exemplified studies to test the activity of 
polynucleotides of the invention (e,g M gene therapy), agonists, and/or antagonists of polynucleotides 
or polypeptides of the invention. 

Example 4 3Example 47 - Angiogenic Effect On Chick Chorioallantoic Membrane. 

Chick chorioallantoic membrane (CAM) is a well-established system to examine 
angiogenesis. Blood vessel formation on CAM is easily visible and quantifiable. The ability of 
polypeptides of the invention to stimulate angiogenesis in CAM can be examined. 

Fertilized eggs of the White Leghorn chick (Gallus gallus) and the Japanese qual (Cotumix 
coturoix) are incubated at 37.8°C and 80% humidity. Differentiated CAM of 16-day-old chick and 
13-day-old qual embiyos is studied with the following methods. 

On Day 4 of development, a window is made into the egg shell of chick eggs. The embryos 

arc checked for normal development and the eggs sealed with cellotape. They are further incubated 

uatil Day 13. Thermanox coverslips (Nunc, Naperville, DL) are cut into disks of about 5 mm in 
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diameter. Sterile and salt-free growth factors are dissolved in distilled water and about 3.3 mg/ 5 ml 
are pipetted on the disks. After air-drying, the inverted disks are applied on CAM. After 3 days, the 
specimens are fixed in 3% glutaraldehyde and 2% formaldehyde and rinsed in 0.12 M sodium 
cacodylate buffer. They are photographed with a stereo microscope (Wild M8] and embedded for 
semi- and ultrathin sectioning as described above. Controls are performed with carrier disks alone. 

One skilled in the art could easily modify the exemplified studies to test the activity of 
polynucleotides of the invention (e.g., gene therapy), agonists, and/or antagonists of polynucleotides 
or polypeptides of the invention. 

Example 4 4Example 48 - Angiogenesis Assay Using A Matrigel Implant In Mouse. 

In vivo angiogenesis assay of a polypeptide of the invention measures the ability of an 
existing capillary network to form new vessels in an implanted capsule of murine extracellular 
matrix material (Matrigel). The protein is mixed with the liquid Matrigel at 4 degree C and the 
mixture is then injected subcutaneously in mice where it solidifies. After 7 days, the solid "plug" of 
Matrigel is removed and examined for the presence of new blood vessels. Matrigel is purchased 
fromBecton Dickinson Labware/Collaborative Biomedical Products. 

When thawed at 4 degree C the Matrigel material is a liquid. The Matrigel is mixed with a 
polypeptide of the invention at 150 ng/mi at 4 degrees C and drawn into cold 3 ml syringes. Female 
C57B1/6 mice approximately 8 weeks old are injected with the mixture of Matrigel and experimental 
protein at 2 sites at the midventral aspect of the abdomen (0.5 ml/site). After 7 days, the mice are 
sacrificed by cervical dislocation, the Matrigel plugs are removed and cleaned (i.e., all clinging 
membranes and fibrous tissue is removed). Replicate whole plugs arc fixed in neutral buffered 10% 
formaldehyde, embedded in paraffin and used to produce sections for histological examination after 
staining with Masson's Trichrome. Cross sections from 3 different regions of each plug are 
processed. Selected sections are stained for the presence of vWF. The positive control for this assay 
is bovine basic FGF (150 ng/ml). Matrigel alone is used to determine basal levels of angiogenesis. 

One skilled in the art could easily modify the exemplified studies to test the activity of 
polynucleotides of the invention (e.g., gene therapy), agonists, and/or antagonists of polynucleotides 
or polypeptides of the invention. 
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Example dS E xample 49 - Rescue Of Ischemia In Rabbit Lower Limb Model. 

To study the in vivo effects of polynucleotides and polypeptides of the invention on 
ischemia, a rabbit hindlimb ischemia model is created by surgical removal of one femoral arteries as 
described previously (Takeshita et aL, Am J, Pathol 147:1649-1660 (1995)). The excision of the 
femoral artery results in retrograde propagation of thrombus and occlusion of the external iliac 
artery. Consequently, blood flow to the ischemic limb is dependent upon collateral vessels 
originating from the internal iliac artery (Takeshitaet aL Am J. Pathol 147:1649-1660 (1995)). An 
interval of 10 days is allowed for post-operative recovery of rabbits and development of endogenous 
collateral vessels. At 10 day post-operatively (day 0), after performing a baseline angiogram, the 
internal iliac artery of the ischemic limb is transfected with 500 mg naked expression plasmid 
containing a polynucleotide of the invention by arterial gene transfer technology using a hydrogel- 
coated balloon catheter as described (Riessen et al> Hum Gene Then 4:749-758 (1993); Leclerc et aL 
J. Clin, Invest. 90: 936-944 (1992)). When a polypeptide of the invention is used in the treatment, a 
single bolus of 500 mg polypeptide of the invention or control is delivered into the internal iliac 
artery of the ischemic limb over a period of 1 min. through an infusion catheter. On day 30, various 
parameters are measured in these rabbits: (a) BP ratio - The blood pressure ratio of systolic pressure 
of the ischemic limb to that of normal limb; (b) Blood Flow and Row Reserve - Resting FL: the 
blood flow during undilated condition and Max FL: the blood flow during fully dilated condition 
(also an indirect measure of the blood vessel amount) and Flow Reserve is reflected by the ratio of 
max FL: resting FL; (c) Angiographic Score - This is measured by the angiogram of collateral 
vessels, A score is determined by the percentage of circles in an overlaying grid that with crossing 
opacified arteries divided by the total number m the rabbit thigh; (d) Capillary density - The number 
of collateral capillaries determined in light microscopic sections taken from hindlimbs. 

One skilled in the art could easily modify the exemplified studies fo test the activity of 
polynucleotides of the invention (e.g., gene therapy), agonists, and/or antagonists of polynucleotides 
or polypeptides of the invention. 

Example 4 6 Example 50 - Effect Of Polypeptides Of The Invention On Vasodilation. 

Since dilation of vascular endothelium is important in reducing blood pressure, the ability of 
polypeptides of the invention to affect the blood pressure in spontaneously hypertensive rats (SHR) 
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is examined. Increasing doses (0, 10/30, 100, 300, and 900 nog/kg) of the polypeptides of the 
invention are administered to 13-14 week old spontaneously hypertensive rats (SHR). Data are 
expressed as the mean +/- SEM. Statistical analysis are performed with a paired t-test and statistical 
significance is defined as p<0.05 vs. the response to buffer alone. 

One skilled in the art could easily modify the exemplified studies to test the activity of 
polynucleotides of the invention (e.g., gene therapy), agonists, and/or antagonists of polynucleotides 
or polypeptides of the invention. 

Example 4 7E xample 51 - Rat Ischemic Skin Flap Model. 

The evaluation parameters include skin blood flow, skin temperature, and factor VIII 
immunohistochemistry or endothelial alkaline phosphatase reaction. Expression of polypeptides of 
the invention, during the skin ischemia, is studied using in situ hybridization. 
The study in this model is divided into three parts as follows: 

a) Ischemic skin 

b) Ischemic skin wounds 

c) Normal wounds 

The experimental protocol includes: 

a) Raising a 3x4 cm, single pedicle full-thickness random skin flap (myocutaneous flap over 
the lower back of the animal). 

b) An excisional wounding (4-6 mm in diameter) in the ischemic skin (skin-flap). 

c) Topical treatment with a polypeptide of the invention of the excisional wounds (day 0, 1, 
2, 3 f 4 post-wounding) at the following various dosage ranges: lmg to 100 mg. 

d) Harvesting the wound tissues at day 3, 5, 7, 10, 14 and 21 post-wounding for histological, 
immunohtstochemical, and in situ studies. 

One skilled in the ait could easily modify the exemplified studies to test the activity of 
polynucleotides of the invention (e.g., gene therapy), agonists, and/or antagonists of polynucleotides 
or polypeptides of the invention. 
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E xample 48 Example 52 - Peripheral Arterial Disease Model. 

Angiogenic therapy using a polypeptide of the invention is a novel therapeutic strategy to 
obtain restoration of blood flow around the ischemia in case of peripheral arterial diseases. The 
experimental protocol includes: 

a) One side of the femoral artery is ligated to create ischemic muscle of 
the hindlimb, the other side of hindlimb serves as a control. 

b) a polypeptide of the invention, in a dosage range of 20 mg - 500 mg, is delivered 
intravenously and/or intramuscularly 3 times (perhaps more) per week for 2-3 weeks. 

c) The ischemic muscle tissue is collected after ligation of the femoral 

artery at 1, 2, and 3 weeks for the analysis of expression of a polypeptide of the invention and 
histology. Biopsy is also performed on the other side of normal muscle of the contralateral hindlimb. 

One skilled in the art could easily modify the exemplified studies to test the activity of 
polynucleotides of the invention (e.g., gene therapy), agonists, and/or antagonists of polynucleotides 
or polypeptides of the invention. 

Example 4 9 Example 53 - Ischemic Myocardial Disease Model. 

A polypeptide of the invention Ls evaluated as a potent mitogen capable of stimulating the 
development of collateral vessels, and restructuring new vessels after coronary artery occlusion. 
Alteration of expression of the polypeptide is investigated in situ. The experimental protocol 
includes: 

a) The heart is exposed through a left-side thoracotomy in the rat. Immediately, the left 
coronary artery is occluded with a thin suture (6-0) and the thorax is closed. 

b) a polypeptide of the invention, in a dosage range of 20 mg - 500 mg, is delivered 
intravenously and/or intramuscularly 3 times (perhaps more) per week for 2-4 weeks. 

c) Thirty days after the surgery, the heart is removed and cross-sectioned 
for morphometric and in situ analyzes. 

One skilled in the art could easily modify the exemplified studies to test the activity of 
polynucleotides of the invention (e.g., gene therapy), agonists, and/or antagonists of polynucleotides 
or polypeptides of the invention. 
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Example S OE xample 54 - Rat Corneal Wound Healing Model. 

This animal model shows the effect of a polypeptide of the invention on neovascularization. 
The experimental protocol includes: 

a) Making a 1-1.5 mm long incision from the center of cornea into the stromal layer. 

b) Inserting a spatula below the lip of the incision facing the outer comer of the eye. 

c) Making a pocket Cits base is 1 -1 5 mm form the edge of the eye). 

d) Positioning a pellet, containing 50ng- 5ug of a polypeptide of the invention, within 
the pocket. 

e) Treatment with a polypeptide of the invention can also be applied topically to the 
corneal wounds in a dosage range of 20mg - 500mg (daily treatment for five days). 

One skilled in the art could easily modify the exemplified studies to test the activity of 
polynucleotides of the invention (e.g., gene therapy), agonists, and/or antagonists of polynucleotides 
or polypeptides of the invention. 

Example Sl E xamole 55 - Diabetic Mouse and Glucocorticoid-Impaired Wound Healing 
Models. 

A . Diabetic db+/db+ Mouse Model. 

To demonstrate that a polypeptide of the invention accelerates the healing process, the 
genetically diabetic mouse model of wound healing is used. The full thickness wound healing model 
in the db+/db+ mouse is a well characterized, clinically relevant and reproducible model of impaired 
wound healing* Healing of the diabetic wound is dependent on formation of granulation tissue and 
re-epithelialization rather than contraction (Gartner, M.H. et al., J. Surg. Res. 52:389 (1992); 
Gxeenhalgh, D.G. et al., Am. J. Pathol. 136:1235 (1990)). 

The diabetic animals have many of the characteristic features observed in Type II diabetes 
mellitus. Homozygous (db+/db+) mice are obese in comparison to their normal heterozygous 
(db+/+m) littermates. Mutant diabetic (db+/db+) mice have a single autosomal recessive mutation on 
chromosome 4 (db+) (Coleman et al. Proc. Natl. Acad Sci. USA 77:283-293 (1982)). Animals show 
polyphagia, polydipsia and polyuria, Mutant diabetic mice (db+/db+) have elevated blood glucose, 
increased or normal insulin levels, and suppressed cell-mediated immunity (Mandel et a]., J. 
Immunol 120:1375 (1978); Debray-Sachs, M. et aL 3 Clin. Exp. Immunol. 5l(l):l-7 (1983); Leiter et 
al., Am. J. of Pathol. 114:46-55 (1985)). Peripheral neuropathy, myocardial complications, and 
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microvascular lesions, basement membrane thickening and glomerular filtration abnormalities have 
been described in these animals (Norido, F. et aL, Exp. Neurol. 83(2);221-232 (1984); Robertson et 
al., Diabetes 29(J):60-67 (1980); Giacomelli et aL. Lab Invest. 40(4):460-473 (1979); Coleman, 
D.L., Diabetes 3 J (Suppl):l-6 (1982)). These homozygous diabetic mice develop hyperglycemia that 
is resistant to insulin analogous to human type E diabetes (Mandel et aL, J. Immunol. 120:1375-1377 
(1978)). 

The characteristics observed in these animals suggests that healing in this model may be 
similar to the healing observed in human diabetes (Greenhsdgh, et al., Am. J. of Pathol. 136:1235- 
1246(1990)). 

Genetically diabetic female C57BL/KsJ (db+/db+) mice and their non-diabetic (db+/+m) 
heterozygous littermates are used in this study (Jackson Laboratories). The animals are purchased at 
6 weeks of age and are 8 weeks old at the beginning of the study. Animals are individually housed 
and received food and water ad libitum. All manipulations are performed using aseptic techniques. 
The experiments are conducted according to the rules and guidelines of Bristol-Myers Squibb 
Company's Institutional Animal Care and Use Committee and the Guidelines for the Cane and Use 
ot' Laboratory Animals. 

Wounding protocol is performed according to previously reported methods (Tsuboi, R. and 
Rifkin, D.B., J. Exp. Med. 172:245-251 (1990)). Briefly, on the day of wounding, animals are 
anesthetized with an intraperitoneal injection of Avertin (0.01 mgAnL), 2,2,2-tribromoethanol and 2- 
methyl-2-butanol dissolved in deionized water. The dorsal region of the animal is shaved and the 
skin washed with 70% ethanol solution and iodine. The surgical area is dried with sterile gauze prior 
to wounding. An 8 mm full-thickness wound is then created using a Keyes tissue punch. 
Immediately following wounding, the surrounding skin is gently stretched to eliminate wound 
expansion. The wounds are left open for the duration of the experiment Application of the treatment 
is given topically for 5 consecutive days commencing on the day of wounding. Prior to treatment, 
wounds are gently cleansed with sterile saline and gauze sponges. 

Wounds are visually examined and photographed at a JHxed distance at Che day of surgery and 
at two day intervals thereafter. Wound closure is determined by daily measurement on days 1-5 and 
on day 8. Wounds are measured horizontally and vertically using a calibrated Jameson caliper. 
Wounds are considered healed if granulation tissue is no longer visible and the wound is covered by 
a continuous epithelium, 
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A polypeptide of the invention is administered using at a range different doses, from 4mg to 
500mg per wound per day for 8 days in vehicle. Vehicle control groups received 50mL of vehicle 
solution. 

Animals are euthanized on day 8 with an intraperitoneal injection of sodium pentobarbital 
(300mg/kg). The wounds and surrounding skin are then harvested for histology and 
immunohistochemistry. Tissue specimens are placed in 10% neutral buffered formalin in tissue 
cassettes between biopsy sponges for further processing. 

Three groups of 10 animals each (5 diabetic and 5 non-diabetic controls) are evaluated: 1) 
Vehicle placebo control, 2) untreated group, and 3) treated group. 

Wound closure is analyzed by measuring the area in the vertical and horizontal axis and 
obtaining the total square area of the wound. Contraction is then estimated by establishing the 
differences between the initial wound area (day 0) and that of post treatment (day 8). The wound 
area on day 1 is 64mm2, the corresponding size of the dermal punch. Calculations are made using 
the following formula: 

[Open area on day 8] - [Open area on day 1] / [Open area on day 1] 

Specimens are fixed in 10% buffered formalin and paraffin embedded blocks are sectioned 
perpendicular to the wound surface (5mm) and cut using a Reichert-Jung microtome. Routine 
hematoxylin-eosin (H&E) staining is performed on cross-sections of bisected wounds. Histologic 
examination of the wounds are used to assess whether the healing process and the morphologic 
appearance of the repaired skin is altered by treatment with a polypeptide of the invention. This 
assessment included verification of the presence of cell accumulation, inflammatory cells, 
capillaries, fibroblasts, re-epithelialization and epidermal maturity (Greenhalgh, D.G. et al., Am. J. 
Pathol. 136:1235 (1990)). A calibrated lens micrometer is used by a blinded observer. 

Tissue sections are also stained immunohistochemically with a polyclonal rabbit anti-human 
keratin antibody using ABC Elite detection system. Human skin is used as a positive tissue control 
while non-immune IgG is used as a negative control. Kcratinocyte growth is determined by 
evaluating the extent of reepithelialization of the wound using a calibrated lens micrometer. 

Proliferating cell nuclear antigen/cyclin (PCNA) in skin specimens is demonstrated by using 
anti-PCNA antibody (1:50) with an ABC Elite detection system, Human colon cancer can serve as a 
positive tissue control and human brain tissue can be used as a negative tissue control. Each 
specimen includes a section with omission of the primary antibody and substitution with non- 
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immune mouse IgG. Ranking of these sections is based on the extent of proliferation on a scale of 0- 
8, the lower side of the scale reflecting slight proliferation to the higher side reflecting intense 
proliferation. 

Experimental data are analyzed using an unpaired t test. A p value of < 0.05 is considered 
significant. 

B. Steroid Impaired Rat Model 

The inhibition of wound healing by steroids has been well documented in various in vitro and 
in vivo systems (Wahl, Glucocorticoids and Wound healing. In: Anti-Inflammatory Steroid Action: 
Basic and Clinical Aspects, 280-302 (1989); Wahlet al M J. Immunol. 115: 476-481 (1975); Werb et 
al., J. Exp. Med. 147:1684-1694 (1978)). Glucocorticoids retard wound healing by inhibiting 
angiogenesis, decreasing vascular permeability (Ebert et al., An. Intern. Med. 37:701-705 (1952)), 
fibroblast proliferation, and collagen synthesis (Beck et al., Growth Factors. 5: 295-304 (1991); 
Haynes et aL, J. Clin. Invest. 61: 703-797 (1978)) and producing a transient reduction of circulating 
monocytes (Haynes et al-, J. Clin. Invest 61: 703-797 (1978); Wahl, "Glucocorticoids and wound 
healing", In: Antiinflammatory Steroid Action: Basic and Clinical Aspects, Academic Press, New 
York, pp. 280-302 (1989)). The systemic administration of steroids to impaired wound healing is a 
well establish phenomenon in rats (Beck et al-, Growth Factors. 5: 295-304 (1991); Haynes et al., J. 
Clin. Invest 61: 703-797 (1978); Wahl, ''Glucocorticoids and wound healing", In; Antiinflammatory 
Steroid Action: Basic and Clinical Aspects, Academic Press, New York, pp. 280-302 (1989); Pierce 
et al, Proc. Natl. Acad. Sci. USA 86: 2229-2233 (1989)). 

To demonstrate that a polypeptide of the invention can accelerate the healing process, the 
effects of multiple topical applications of the polypeptide on full thickness excisional skin wounds in 
rats in which healing has been impaired by the systemic administration of methylprednisolone is 
assessed. 

Young adult male Sprague Dawley rats weighing 25O-300 g (Charles River Laboratories) are 
used in this example. The animals are purchased at 8 weeks of age and are 9 weeks old at the 
beginning of the study. The healing response of rats is impaired by, the systemic administration of 
methylprednisolone (17mg/kg/rat intramuscularly) at the time of wounding, Animals are 
individually housed and received food and water ad libitum. All manipulations are performed using 
aseptic techniques. This study would be conducted according to the rules and guidelines of Bristol- 
Myers Squibb Corporations Guidelines for the Care and Use of Laboratory Animals. 
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The wounding protocol is followed according to section A, above. On the day of wounding, 
animals are anesthetized with an intramuscular injection of ketamine (50 mg/kg) and xylazine (5 
mg/kg). The dorsal region of the animal is shaved and the skin washed with 70% ethanol and iodine 
solutions. The surgical area is dried with sterile gauze prior to wounding. An 8 mm full-thickness 
wound is created using a Keyes tissue punch. The wounds are left open for the duration of the 
experiment Applications of the testing materials are given topically once a day for 7 consecutive 
days commencing on the day of wounding and subsequent to methylprcdnisolone administration. 
Prior to treatment, wounds are gently cleansed with sterile saline and gauze sponges. 

Wounds are visually examined and photographed at a fixed distance at the day of wounding 
and at the end of treatment Wound closure is determined by daily measurement on days 1-5 and on 
day 8. Wounds are measured horizontally and vertically using a calibrated Jameson caliper. Wounds 
are considered healed if granulation tissue is no longer visible and the wound is covered by a 
continuous epithelium. 

The polypeptide of the invention is administered using at a range different doses, from 4mg 
to 500mg per wound per day for 8 days in vehicle. Vehicle control groups received 50mL of vehicle 
solution. 

Animals are euthanized on day 8 with an intraperitoneal injection of sodium pentobarbital 
(300mg/kg). The wounds and surrounding skin arc then harvested for histology. Tissue specimens 
are placed in 10% neutral buffered formalin in tissue cassettes between biopsy sponges for further 
processing. 

Four groups of 10 animals each (5 with methylprcdnisolone and 5 without glucocorticoid) 
are evaluated: 1) Untreated group 2) Vehicle placebo control 3) treated groups. 

Wound closure is analyzed by measuring the area in the vertical and horizontal axis and 
obtaining the total area of the wound. Closure is then estimated by establishing the differences 
between the initial wound area (day 0) and that of post treatment (day 8). The wound area on day 1 
is 64mm2, the corresponding size of the dermal punch. Calculations are made using the following 
formula: 

[Open area on day 8] - [Open area on day 1] / [Open area on day 1] 

Specimens are fixed in 10% buffered formalin and paraffin embedded blocks are sectioned 
perpendicular to the wound surface (5mm) and cut using an Olympus microtome. Routine 
hematoxylin-eosin (H&B) staining is performed on cross-sections of bisected wounds. Histologic 
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examination of the wounds allows assessment of whether the healing process and the morphologic 
appearance of the repaired skin is improved by treatment with a polypeptide of the invention. A 
calibrated lens micrometer is used by a blinded observer to determine the distance of the wound gap. 
Experimental data are analyzed using an unpaired t test. A p value of < 0.05 is considered 
significant. 

One skilled in the art could easily modify the exemplified studies to test the activity of 
polynucleotides of the invention (e.g„ gene therapy), agonists, and/or antagonists of polynucleotides 
or polypeptides of the invention. 

Example 5 2E xample 56 - Lymphedema Animal Model. 

The purpose of this experimental approach is to create an appropriate and consistent 
lymphedema model for testing the therapeutic effects of a polypeptide of the invention in 
lymphatlgiogenesis and re-establishment of the lymphatic circulatory system in the rat hind limb. 
Effectiveness is measured by swelling volume of the affected limb, quantification of the amount of 
lymphatic vasculature, total blood plasma protein, and histopathology. Acute lymphedema is 
observed for 7-10 days. Perhaps more importantly, the chronic progress of the edema is followed for 
up to 3-4 weeks. 

Prior to beginning surgery, blood sample is drawn for protein concentration analysis. Male 
rats weighing approximately ~350g are dosed with Pentobarbital. Subsequently, the right legs are 
shaved from knee to hip. The shaved area is swabbed with gauze soaked in 70% EtOHL Blood is 
drawn for serum total protein testing. Circumference and volumetric measurements are made prior to 
injecting dye into paws after marking 2 measurement levels (0*5 cm above heel, at mid-pt of dorsal 
paw). The intradermal dorsum of both right and left paws are injected with 0.05 ml of 1% Evan's 
Blue. Circumference and volumetric measurements are then made following injection of dye into 
paws. 

Using the knee joint as a landmark, a mid-leg inguinal incision is made circumferentially 
allowing the femoral vessels to be located. Forceps and hemostats are used to dissect and separate 
the skin flaps. After locating the femoral yessels, the lymphatic vessel that runs along side and 
underneath the vessel(s) is located. The main lymphatic vessels in this area are then electrically 
coagulated suture ligated. 
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Using a microscope, muscles in back of the leg (near the semitendinosis and adductors) are 
bluntly dissected. The popliteal lymph node is then located. The 2 proximal and 2 distal lymphatic 
vessels and distal blood supply of the popliteal node are then and ligated by suturing. The popliteal 
lymph node, and any accompanying adipose tissue, is then removed by cutting connective tissues. 

Care is taken to control any mild bleeding resulting from this procedure. After lymphatics are 
occluded, the skin flaps are sealed by using liquid skin (Vetbond) (AJ Buck). The separated skin 
edges are sealed to the underlying muscle tissue while leaving a gap of -0.5 cm around the leg. Skin 
also may be anchored by suturing to underlying muscle when necessary. 

To avoid infection, animals are housed individually with mesh (no bedding). Recovering 
animals are checked daily through the optimal edematous peak, which typically occurred by day 5-7. 
The plateau edematous peak are then observed. To evaluate the intensity of the lymphedema, the 
cuxjumference and volumes of 2 designated places on each paw before operation and daily for 7 days 
are measured. The effect plasma proteins on lymphedema is determined and whether protein analysis 
is a useful testing perimeter is also investigated. The weights of both control and edematous limbs 
are evaluated at 2 places. Analysis is performed in a blind manner. 

Circumference Measurements: Under brief gas anesthetic to prevent limb movement, a cloth 
tape is used to measure limb circumference. Measurements are done at the ankle bone and dorsal 
paw by 2 different people then those 2 readings are averaged. Readings are taken from both control 
and edematous limbs. 

Volumetric Measurements: On the day of surgery, animals are anesthetized with 
Pentobarbital and are tested prior to surgery. For daily volumetrics animals are under brief halothane 
anesthetic (rapid immobilization and quick recovery), both legs are shaved and equally marked using 
waterproof marker on legs. Legs are first dipped in water, then dipped into instrument to each 
marked level then measured by Buxco edema software(Chen/Victor). Data is recorded by one 
person, while the other is dipping the limb to marked area. 

Blood-plasma protein measurements: Blood is drawn, spun, and serum separated prior to 
surgery and then at conclusion for total protein and Ca2+ comparison. 

Limb Weight Comparison: After drawing blood, the animal is prepared for tissue collection. 
The limbs are amputated using a quillitine, then boih experimental and control legs are cut at the 
ligature and weighed. A second weighing is done as the tibio-cacaneal joint is disarticulated and the 
foot is weighed. 
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Histological Preparations: The transverse muscle located behind the knee (popliteal) area is 
dissected and arranged in a metal mold, filled with freezeGel, dipped into cold methylbutane, placed 
into labeled sample bags at - 80EC until sectioning. Upon sectioning, the muscle is observed under 
fluorescent microscopy for lymphatics. 

One skilled in the art could easily modify the exemplified studies to test the activity of 
polynucleotides of the invention (e.g., gene therapy), agonists, and/or antagonists of polynucleotides 
or polypeptides of the invention. 

Exa mple 53Example 57 - Suppression Of TNF Alpha-Induced Adhesion Molecule Expression 
By A Polypeptide Of The Invention. 

The recruitment of lymphocytes to areas of inflammation and angiogenesis involves specific 
receptor-ligand interactions between cell surface adhesion molecules (CAMs) on lymphocytes and 
the vascular endothelium. The adhesion process, in both normal and pathological settings, follows a 
multi-step cascade that involves intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion 
molecule-1 (VCAM-1), and endothelial leukocyte adhesion molecule-1 (E-selectin) expression on 
endothelial cells (EC). The expression of these molecules and others on the vascular endothelium 
determines the efficiency with which leukocytes may adhere to the local vasculature and extravasate 
into the local tissue during the development of an inflammatory response. The local concentration of 
cytokines and growth factor participate in the modulation of the expression of these CAMs. 

Tumor necrosis factor alpha (TNF-a), a potent proinflammatory cytokine, is a stimulator of 
all three CAMs on endothelial cells and may be involved in a wide variety of inflammatory 
responses, often resulting in a pathological outcome. 

The potential of a polypeptide of the invention to mediate a suppression of TNF-a induced 
CAM expression can be examined. A modified ELKA assay which uses ECs as a solid phase 
absorbent is employed to measure the amount of CAM expression on TNF-a treated ECs when co- 
stimulated with a member of the FGF family of proteins. 

To perform the experiment, human umbilical vein endothelial cell (HUVEC) cultures are 
obtained horn pooled cord harvests and maintained in growth medium (EGM-2; Clonetics, San 
Diego, CA) supplemented with 10% PCS and 1% penicillin/streptomycin in a 37 degree C 
humidified incubator containing 5% C02. HUVECs are seeded in 96-weIl plates at concentrations of 
1 x 104 cells/well in EGM medium at 37 degree C for 18-24 hrs or until confluent. The monolayers 
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are subsequently washed 3 times with a seium-free solution of RPMI-1640 supplemented with 100 
U/mi penicillin aad 100 mg/ml streptomycin, and treated with a given cytokine and/or growth 
fector(s) for 24 h at 37 degree C. Following incubation, the cells are then evaluated for CAM 
expression. 

Human Umbilical Vein Endothelial cells (HUVECs) are grown in a standard 96 well plate to 
confluence. Growth medium is removed from the cells and replaced with 90 ul of 199 Medium (10% 
FBS). Samples for testing and positive or negative controls are added to the plate in triplicate (in 10 
ul volumes). Plates are incubated at 37 degree C for either 5 h (selectin and integrin expression) or 
24 h (integrin expression only). Plates are aspirated to remove medium and 100 [xl of 0.1% 
paraformaldehyde-PBS(with Ca++ and Mg++) is added to each well. Plates are held at 4oC for 30 
min. 

Fixative is then removed from the wells and wells are washed IX with PBS(+Ca,Mg)-K).5% 
BSA and drained. Do not allow the wells to dry. Add JO [il of diluted primary antibody to the test 
and control wells. Aoti-ICAM-l-Biotin, Anti-VCAM-l-Biotin and Anti-E-selectin-Biotin are used at 
a concentration of 10 fxg/ml (1:10 dilution of 0.1 mg/ml stock antibody), Cells are incubated at 37oC 
for 30 min. in a humidified environment. Wells are washed X3 with PBS(+Ca,Mg)+0.5% BSA. 

Then add 20 ul of diluted ExtrAvidin-Alkaline Phosphatase (1:5,000 dilution) to each well 
and incubated at 37oC for 30 min. Wells are washed X3 with PBS(+Ca,Mg)+0.5% BSA. 1 tablet of 
p-Nitrophenol Phosphate pNPP is dissolved in 5 ml of glycine buffer (pH 10,4). 100 \il of pNPP 
substrate in glycine buffer is added to each test well. Standard wells in triplicate are prepared from 
the working dilution of the ExtrAvidin-Alkaline Phosphatase in glycine buffer; 1:5,000 (100) > 10- 
0.5 > 10-1 > 10-1.5. 5 \i] of each dilution is added to triplicate wells and the resulting AP content in 
each well is 5.50 ng, 1.74 ng, 0.55 ng, 0.18 ng. 100 \il of pNNP reagent must then be added to each 
of the standard wells. The plate must be incubated at 37oC for 4h. A volume of 50 \il of 3M NaOH 
is added to all wells. The results are quantified on a plate reader at 405 nm. The background 
subtraction option is used on blank wells filled with glycine buffer only. The template is set up to 
indicate the concentration of AP-conjugate in each standard well [ 5.50 ng; 1/74 ng; 0.55 ng; 0.18 
ng]. Results are indicated as amount of bound AP-conjugate in each sample. 
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Example 5 4 Example 58 ~ Method of Creating N- and C-terminal Deletion Mutants 
Corresponding to the Human Phosphatase Polypeptides of the Present Invention. 

As described elsewhere herein, the present invention encompasses the creation of and C- 
teiminal deletion mutants, in addition to any combination of N- and C-tenninal deletions thereof, 
corresponding to the human phosphatase polypeptides of the present invention. A number of 
methods are available to one skilled in the art for creating sucb mutants. Such methods may include 
a combination of PCR amplification and gene cloning methodology. Although one of skill in the art 
of molecular biology, through the use of the teachings provided or referenced herein, and/or 
otherwise known in the art as standard methods, could readily create each deletion mutant of the 
present invention, exemplary methods are described below using specific BMY_HPP1, 
BMY_HPP2, BMY_HPP5 and human RET31 deletions as examples. 

Briefly, using the isolated cDNA clone encoding the full-length human BMYJHPP1, 
BMYJHPP2, BMYJHPP5 or RET31 phosphatase polypeptide sequence (as described elsewhere 
herein, for example), appropriate primers of about 15-25 nucleotides derived from the desired 5' and 
3' positions of SEQ ID NO:41, SEQ ID NO:108, SEQ ID NO:149, or SEQ ID NO:151 may be 
designed to PCR amplify, and subsequently clone, the intended N- and/or C-terminal deletion 
mutant. Such primers could comprise, for example, an inititation and stop codon for the 5 s and 3' 
primer, respectively. Such primers may also comprise restriction sites to facilitate cloning of the 
deletion mutant post amplification. Moreover, the priiners may comprise additional sequences, such 
as, for example, flag-tag sequences, kozac sequences, or other sequences discussed and/or referenced 
herein. 

For example, in the case of the N9 to L606 BMYJHPP1 N-terminal deletion mutant, the 
following primers could be used to amplify a cDNA fragment corresponding to this deletion mutant: 



5* 

Primer 


5 7 -GCAGCA GCGGCCGC AATTTCGGATGGAAGGATTATGGTG -3' fSEQ ID 
NO.-167) 
Noil 


y 

Primer 


5'- GCAGCA GTCGAC GAGGCCAGGCTTAGGGCCATC -3' (SEQ ID NO: 168) 
Sail 



For example, in the case of the Ml to E500 BMY_HPP1 C-terminal deletion mutant, the 
following primers could be used to amplify a cDNA fragment corresponding to this deletion mutant: 
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5' 

Primer 


5'- GCAGCA GCGGOCGC ATGGAGG^TFGrk^ATTTAfyTTCTAC «ro in 
NO:169) 
NotI 


3* 

Primer 


5'- GCAGCA GTCGAC CACCCAAGACCACATCAAGCTGC -3' (SEQ ID NO:170) 
Sail 



For example, in the case of the L31 to K150 BMY_HPP2 N-teiminal deletion mutant, the 
following primers could be used to amplify a cDNA fragment corresponding to this deletion mutant 



5' Primer 


5'-GCAGCA GCGGCCGC CTGTTGGACCTGGGGGTGCGGCACC -V (SRO m 
NO: 3 71) 
Soil 


3' Primer 


5'- GCAGCA GTCGAC TTTCGTTCGCTGGTAGAACTGGAAG -3' (SEQ ID 
NO:172) 
SaU 



For example, in the case of the Ml to VI 11 BMYJHPP2 C-terminal deletion mutant, the 
following primers could be used to amplify a cDNA fragment corresponding to this deletion mutant: 



5' Primer 


5'- GCAGCA GCGGCCGC ATGGGCGTGCAGCCCCTICAACTTT! -V ttPQ m 
NO: 173) 
Nasi 


3' Primer 


5'- GCAGCA GTCGAC CACCAGGTAACAGGCCAGCATGGTG -3' (S£Q ID 
NO:174) 
Sail 



For example, in the case of the 1256 to S665 BMY_HPP5 N-terminal deletion mutant, the 
following primers could be used to amplify a cDNA fragment corresponding to this deletion mutant: 



5' Primer 


5'-GCAGCA GCGGCCGC ATCGCCTACATCATGAAGAGGATGG -3' (SEQ ID NO:l(>n 
Nod 


3' Primer 


5'- GCAGCA GTCGAC GGAGACCrCAATGATTTCCATGCTG -3' (SEQ ID NO: 105) 
Sail 
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For example, in the case of the Ml to Q367 BMY_HPP5 C-terminal deletion mutant, the 
foDowing primers could be used to amplify a cDNA fragment corresponding to this deletion mutant: 



5' Primer 


5»- GCAGCA GCGGCCGC ATGGCCCATGAGATfrATTfin a AP.TT. —V (ft fin in wrv jf^) 


3' Primer 


S'- GCAGCA GTCGACCTGCAOGCTGGGCACGCTGGGCACG -3> (SEQ ID NO:107) 
Sail 



For example, in the case of the 1157 to S665 RET31 N-teiminal deletion mutant, the 
following primers could be used to amplify a cDNA fragment corresponding to this deletion mutant: 



5' Primer 


5'-CCAGCA GCGGCCGC ATTGGGCCAACCCGAATTCTTC.Cr. _r (SFn m 

NO:l36) 
i NotI 


3' Primer 


5'- GCAGCA GTCCAC GGAGACCTCAATGATITCCATGCTG -3' (SEQ ID 
NO: 137) 
Sail 



For example, in the case of the Ml to K297 RET31 C-tenninal deletion mutant, the 
following primers could be used to amplify a cDNA fragment corresponding to this deletion mutant: 



5' Primer 


5>- GCAGCA GCGGCCGC ATGGCCCATGAGATGATTGOA ACTC -v rsFq in 
NO: 138) 

mi 


y Primer 


5'- GCAGCA GTCGAC CTTCITCTCATAGTCCAGGAGTTGG -3' (SEQ ID 
NO:139) 
Sail 



For example, in the case of the 1157 to S660 mRET3l N-terminal deletion mutant, the 
following primers could be used to amplify a cDNA fragment corresponding to this deletion mutant: 



5" Primer 5' -GCAGCA GCGGCCGC ATTGGGfY! A A CTCdAATTCTrTCCC. -v rsFn m 
NO: 140) 
Notl 
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3* Primer 



5'- GCAGCA GTCGAC AGAGACCTCGATGATCTCCATGCTG -3' (SEQ ID 
N0:141) 
Sail 



For example, in the case of the Ml to T297 mRET31 C-terminal deletion mutant, the 
following primers could be used to amplify a cDNA fragment corresponding to this deletion mutant: 



5' Primer 



3' Primer 



5'- GCACCA GCGGCCQC ATGGCCCATGAGATGATTGGAACTC -3* (SEQ id 
NO:142) 
Nod 



5^ GCAGCA GTCGAC CGTCITCTCATAGTCCATGAGTTGG -V (SEQ ID 
NO:143) 



Representative PCR amplification conditions are provided below, although the skilled artisan 
would appreciate that other conditions may be required for efficient amplification. A 100 ul PCR 
reaction mixture may be prepared using lOng of the template DNA (cDNA clone of Human 
phosphatase polypeptides), 200 uM 4dNTPs, luM primers, 0.25U Taq DNA polymerase (PE), and 
standard Taq DNA polymerase buffer. Typical PCR cycling condition are as follows: 

20-25 cycles: 45 sec, 93 degrees 

2 min, 50 degrees 

2 min, 72 degrees 
1 cycle: 10 min, 72 degrees 

After the final extension step of PCR, 5U Klenow Fragment may be added and incubated for 
15 min at 30 degrees. 

Upon digestion of the fragment with the NotI and Sail restriction enzymes, the fragment 
could be cloned into an appropriate expression and/or cloning vector which has been similarly 
digested (e,g. 9 pSportl, among others). . The skilled artisan would appreciate that other plasmids 
could be equally substituted, and may be desirable in certain circumstances. The digested fragment 
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and vector are then ligated using a DNA ligase, and then used to transform competent E,coli cells 
using methods provided herein and/or otherwise known in the art 

The 5 y primer sequence for amplifying any additional N-terminal deletion mutants may be 
determined by reference to the following formula: 

(S+(X * 3)) to ((S+(X * 3))+25), wherein < S > is equal to the nucleotide position of the 
initiating start codon of the human BMYHPP1, BMYJJPP2, BMY.HPP5 or RET31 phosphatase 
gene (SEQ ID NO:41, SEQ ID NO: 149, SEQ ID NO:151, or SEQ ID NO: 108, respectively), and 'X* 
is equal to the most N-terminal amino acid of the intended N-terminal deletion mutant. The first term 
will provide the start 5' nucleotide position of the 5' primer, while the second term will provide the 
end V nucleotide position of the 5' primer corresponding to sense strand SEQ ID NO:41, SEQ ID 
NO: 149, SEQ ID NO:151, Or SEQ ID NO:108, respectively. Once the corresponding nucleotide 
positions of the primer are determined, the final nucleotide sequence may be created by the addition 
of applicable restriction site sequences to the 5' end of the sequence, for example. As referenced 
herein, die addition of other sequences to the 5* primer may be desired in certain circumstances (e.g., 
kozac sequences, etc.). 

The 3' primer sequence for amplifying any additional N-terminal deletion mutants may be 
determined by reference to the following formula: 

(S+(X * 3)) to ((S-KX * 3))-25), wherein 'S' is equal to the nucleotide position of the 
initiating start codon of the human BMY_HPP1, BMY JiPP2, BMYHPP5 or RET31 phosphatase 
genes (SEQ SEQ ID NO:41, SEQ ID NO:149 5 SEQ ID NO:151, or SEQ ID NO:108, respectively), 
and 'X 1 is equal to the most C-teiminal amino acid of the intended N-teiminal deletion mutant The 
first term will provide the start 5 5 nucleotide position of the 3* primer, while the second term will 
provide the end 3' nucleotide position of the 3' primer corresponding to the anti-sense strand of SEQ 
SEQ ID NO:41, SEQ ID NO:149, SEQ ID NO:151, or SEQ ID NO:108, respectively, Once the 
corresponding nucleotide positions of the primer are determined, the final nucleotide sequence may 
be created by the addition of applicable restriction site sequences to the 5' end of the sequence, for 
example. As referenced herein, the addition of other sequences to the 3 1 primer may be desired in 
certain circumstances (e.g., stop codon sequences, etc.). The skilled artisan would appreciate that 
modifications of the above nucleotide positions maybe necessary for optimizing PCR amplification. 

The same general formulas provided above may be ased in identifying the 5' and 3 s primer 
sequences for amplifying any C-tenninal deletion mutant of the present invention. Moreover, the 
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same general formulas provided above may be used in identifying the 5' and 3' primer sequences for 
amplifying any combination of N-terminal and C-terminal deletion mutant of the present invention. 
The skilled artisan would appreciate that modifications of the above nucleotide positions may be 
necessary for optimizing PCR amplification. 

As mentioned above, the same methodology described for BMY^HPPl, BMYJHPP2, 
BMY_HPP5 or RET31 N- and C-terminal deletion mutants could be applied to creating N- and C- 
terminal deletion mutants corresponding to HPPJBMYI, HPP_BMY2, HPP_BMY3, HPP_JJMY4 f 
HPPJBMY5, RET31, and/or mRET31 as would be appreciated by the skilled artisan. 

One skilled in the art could easily modify the exemplified studies to test the activity of 
polynucleotides of the invention (e.g., gene therapy), agonists, and/or antagonists of polynucleotides 
or polypeptides of the invention. 

Example 5 SE xample 59 - Method of Mutating The Human Phosphatases Of The Present 
Invention Using Site Directed/Site-Specific Mutagenesis. 

In vitro site-directed mutagenesis is an invaluable technique for studying protein stracture- 
function relationships and gene expression, for example, as well as for vector modification. 
Approaches utilizing single stranded DNA (ssDNA) as the template have been reported (e.g., T.A. 
Kunkel et ah, 1985, Proc. Natl Acad. ScL USA), 82:488^92; MA. Vandeyar et aL> 1988, Gene, 
65(1):129-133; M. Sugimoto et aL, 1989, Anal Biochenu, 179(2):309-311; and LW. Taylor et al., 
1985, Nuc. Acids. Res. y 13(24):8765-8785). 

The use of PCR in site-directed mutagenesis accomplishes strand separation by using a 
denaturing step to separate the complementary strands and to allow efficient polymerization of the 
PCR primers. PCR site-directed mutagenesis methods thus permit site specific mutations to be 
incorporated in virtually any double stranded plasmid, thus eliminating the need for re-subcloning 
into M13-based bacteriophage vectors or single-stranded rescue. (M.P. Weincr et al., 1995, 
Molecular Biology: Current Innovations and Future Trends, Eds, A.M. Griffin and H.G. Griffin, 
Horizon Scientific Press, Norfolk, UK; and C Papworth et al., 1996, Strategies, 9(3):3*4). 

A protocol for performing site-directed mutagenesis, particularly employing the 
QuikChange™ site-directed mutagenesis kit (Stratagene, La Jolla, CA; U.S. Patent Nos. 5,789,166 
and 5,923,419) is provided for making point mutations, to switch or substitute amino acids, and to 
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delete or insert single or multiple amino acids in the RATLld6 amino acid sequence of this 
invention. 

Primer Design 

For primer design using this protocol, the mutagenic oligonucleotide primers are designed 
individually according to the desired mutation. The following considerations should be made for 
designing mutagenic primers: 1) Both of the mutagenic primers must contain the desired mutation 
and anneal to the same sequence on opposite strands of the plasmid; 2) Primers should be between 
25 and 45 bases in length, and the melting temperature (Tm) of the primers should be greater than, or 
equal to, 78°C The following formula is commonly used for estimating the T m of primers: T = 81.5 
+ 0.41 (%GC) - 675/AT - %mismatch. For calculating Tm, N is the primer length in bases; and values 
for %GC and % mismatch are whole numbers. For calculating T m for primers intended to introduce 
insertions or deletions, a modified version of the above formula is employed: T = 81.5 + 0.41 
(%GC) - 675/iV, where N docs not include the bases which are being inserted or deleted; 3) The 
desired mutation (deletion or insertion) should be in the middle of the primer with approximately 10- 
15 bases of correct sequence on both sides; 4) The primers optimally should have a minimum GC 
content of 40%, and should terminate in one or more C or G bases; 5) Primers need not be 5'- 
phosphorylated, but must be purified either by fast polynucleotide liquid chromatography (FPLQ or 
by polyacrylamide gel electrophoresis (PAGE). Failure to purify the primers results in a significant 
decrease in mutation efficiency; and 6) It is important that primer concentration is in excess. It is 
suggested to vary the amount of template while keeping the concentration of the primers constantly 
in excess (QuikChange™ Site-Directed Mutagenesis Kit, Stratagene, La Jolla, CA). 

Protocol for Setting Up the Reactions 

Using the above-described primer design, two complimentary oligonucleotides containing 
the desired mutation, flanked by unmodified nucleic acid sequence, are synthesized. The resulting 
oligonucleotide primers are purified. 

A control reaction is prepared using 5 |il lOx reaction buffer (lOOmM KC1; JOOmM 
(NH^SO^ 200mM Tris-HCl, pH 8.8; 20mM MgS0 4 ; 1% Triton® X-100; 1 mg/ml miclease-free 
bovine serum albumin, BSA); 2 |xl (lOng) of pWhitescript™, 4.5-kb control plasmid (5 ng/jil); 1.25 
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fii (125 ng) of oligonucleotide control primer #1 (34-mer, 100 ng/pl); 1.25 pi (125 ng) of 
oligonucleotide control primer #2 (34-mer, 100 ng/pl); 1 pi of dNTP mix; double distilled H 2 0; to a 
final volume of 50 pi. Thereafter, 1 pi of DNA polymerase (PfuTurbo® DNA Polymerase, 
Stratagene), (2.5U/pl) is added. PfuTurbo® DNA Polymerase is stated to have 6-fold higher fidelity 
in DNA synthesis than does Taq polymerase. To maximize temperature cycling performance, use of 
thin-walled test tubes is suggested to ensure optimum contact with the heating blocks of the 
temperature cycler. 

The sample reaction is prepared by combining 5 pi of lOx reaction buffer; x pi (5-50 ng) of 
dsDNA template; x pi (125 ng) of oligonucleotide primer #1; x pi (5-50 ng) of dsDNA template; x 
ul (125 ng) of oligonucleotide primer #2; 1 pi of dNTP mix; and ddH 2 0 to a final volume of 50 pi. 
Thereafter, 1 pi of DNA polymerase (PfuTurbo DNA Polymerase, Stratagene), (2.5U/pl) is added. 

It is suggested that if the thermal cycler does not have a hot-top assembly, each reaction 
should be overlaid with approximately 30 pi of mineral oil. 

Cycling the Reactions 

Each reaction is cycled using the following cycling parameters: 



Segment Cycles Temperature Time 

1 1 95°C 30 seconds 

2 12-18 95°C 30 seconds 

55°C 1 minute 

68°C 2 minutes/kb of 



plasmid length 

For the control reaction, a 12-minute extension time is used and the reaction is run for 12 cycles. 
Segment 2 of the above cycling parameters is adjusted in accordance with the type of mutation 
desired. For example, for point mutations, 12 cycles are used; for single amino acid changes, 16 
cycles are used; and for multiple amino acid deletions or insertions, 18 cycles are used. Following 
the temperature cycling, the reaction is placed on ice for 2 minutes to cool the reaction to £37°C. 
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Digesting the Products and Transforming Competent Cells 

One ill of the Dpnl restriction enzyme (10U/^U) is added directly (below mineral oil overlay) 
to each amplification reaction using a small, pointed pipette tip. The reaction mixture is gently and 
thoroughly mixed by pipetting the solution up and down several times. The reaction mixture is then 
centrifuged for 1 minute in a microcentrifuge. Immediately thereafter, each reaction is incubated at 
37°C for 1 hour to digest the parental (i.e., the non-mutated) supercoiled dsDNA. 

Competent cells (i.e., XLl-Blue supercompetent cells, Stratagene) are thawed gently on ice. 
For each control and sample reaction to be transformed, 50 \d of the supercompetent cells are 
aliquotted to a prechilled test rube (Falcon 2059 polypropylene). Next, 1 ul of the D/wI-digested 
DNA is transferred from the control and the sample reactions to separate aliquots of the 
supercompetent cells. The transformation reactions are gently swirled to mix and incubated for 30 
minutes on ice. Thereafter, the transformation reactions are heat-pulsed for 45 seconds at 42°C for 2 
minutes. 

0.5 ml of N2Y+ broth, preheated to 42°C is added to the transformation reactions which are 
then incubated at 37°C for 1 hour with shaking at 225-250 rpm. An aliquot of each transformation 
reaction is plated on agar plates containing the appropriate antibiotic for the vector. For the 
mutagenesis and transformation controls, cells are spread on LB-arapiciUin agar plates containing 80 
Ug/ml of X-gal and 20mM MIPTG. Transformation plates are incubated for >16 hours at 37°C. 

Example SfflBxample 6Q - Complementary Polynucleotides Of The BMY_HPP2 Phosphatase 
Of The Present Invention. 

Antisense molecules or nucleic acid sequences complementary to the BMYJH0PP2 protein-encoding 
sequence, or any part thereof, is used to decrease or to inhibit the expression of naturally occurring 
BMY_HPP2. Although the use of antisense or complementary oligonucleotides comprising about 15 to 35 
base-pairs is described, essentially the same procedure is used with smaller or larger nucleic acid sequence 
fragments. An oligonucleotide based on the coding sequence of BMY_HPP2 protein, as shown in Figure 21, 
or as depicted in SEQ ID NO: 151, for example, is used to inhibit expression of naturally occurring 
BMY.HPP2. The complementary oligonucleotide is typically designed from the most unique 5' sequence and 
is used either to inhibit transcription by preventing promoter binding to the coding sequence, or to inhibit 
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translation by preventing the rtbosome from binding to the BMY_HPP2 protein-encoding transcript' 
However, other regions may also be targeted. 

Using an appropriate portion of the signal and/or 5' sequence of SEQ ID NO: 151, an effective 
antisense oligonucleotide includes any of about 15-35 nucleotides spanning the region which translates into 
the signal or 5 1 coding sequence, among other regions, of the polypeptide as shown in Figure 21 (SEQ ID 
NO; 152). Appropriate oligonucleotides are designed using OLIGO 4.06 software and the BMY_HPP2 protein 
coding sequence (SEQ ID NO:151). Preferred oligonucleotides are dideoxy based and are provided below. 
The oligonucleotides were synthesized using chemistry essentially as described in U,S. Patent No. 5,849,902; 
which is hereby incorporated herein by reference in its entirety. 

ID# Sequence 

13600 GGAUAUCACUACUGCAUUGCCUGGA (SEQ ID NO: 179) 

13601 UACAGCAGAUCUGUGCAGGCCAGGU (SEQ ID NO:180) 

1 3602 UGAUCACACAGUAGCGGAAGAUGCU (SEQ ID NO: 18 1) 

1 3603 AGGAGUAGCAGAAUGGUUAGCCUUC (SEQ ID NO: 182) 

13604 UGAAAGCAGGCGAGAUUCGAUCCGA (SEQ ID NO: 183) 

The BMYJHPP2 polypeptide has been shown to be involved in the regulation of the 
mammalian cell cycle. Subjecting cells with an effective amount of a pool of all five of the above 
antisense oligoncleotides resulted in a significant increase in Cyclin D expression/activity providing 
convincing evidence that BMYJHPP2 at least regulates the activity and/or expression of Cyclin D 
either directly, or indirectly. Moreover* the results suggest the physiological role of BMYJH0PP2 is 
the negative regulation of Cyclin D activity and/or expression, either directly oi indirectly. The 
Cyclin D assay used is described below and was based upon the analysis of Cyclin t> activity as a 
downstream marker for proliferative signal transduction events. 

Transfection of post-quiescent A549 cells With AntiSense Oligonucleotides. 

Materials needed: 

• A549 cells maintained in DMEM with high glucose (Gibco-BRL) supplemented with 10% 
Fetal Bovine Serum, 2mM I^Glutamine, and IX penicillin/streptomycin. 

• Opti-MEM (Gibco-BRL) 

• Lipofectamine 2000 (Invitrogen) 

- 109- 



PAGE 116/140* RCVD AT 5/31/2005 4:30:37 PM [Eastern Daylight Time] 1 SVR:U$PT0-EFXRF-1/1 1 * DNIS:8729306 ' C$ID:6092524526 * DURATION (mnw$):45-24 



MAY. 31. 2005 5:1 0PM BMS PATENT DEPT NO. 3153 P. 117/140 

CASED0072NP 



• Antisense oligomers (Sequitur) 

• Polystyrene tubes. 

• Tissue culture treated plates. 

Quiescent cells were prepared as follows: 

Day 0: 300, 000 A549 cells were seeded in a T75 tissue culture flask in 10 ml of A549 media, and 
incubated in at 37°C, 5% C0 2 in a humidified incubator for 48 hours. 

Day 2: The T75 flasks were rocked to remove any loosely adherent cells, and the A549 growth media 
removed and replenished with 10 ml of fresh A549 media. The cells were cultured for six days 
without changing the media to create a quiescent cell population. 

Day 8: Quiescent cells were plated in multi-well format and transfected with antisense oligonucleotides. 

A549 cells were transfected according to the following: 

1 . Trypsinize T75 flask containing quiescent population of A549 cells. 

2. Count the cells and seed 24-weIl plates with 60K quiescent A549 cells per well. 

3. Allow the cells to adhere to the tissue culture plate (approximately 4 hours). 

4. Transfect the ceUs with antisense and control oligonucleotides according to the following: 

a, A 10X stock of lipofectamine 2000 (10 ug/ml is 10X) was prepared, and diluted lipid 
was allowed to stand at RT for 15 minutes. 

Stock solution of Upofectamine 2000 was 1 mg/ml. 
10 X solution for transection was 10 ug/mL 

To prepare 10X solution, dilute 10 ul of lipofectamine 2000 stock per 1 ml of Opti- 
MEM (serum free media), 

b. A 10X stock of each oligomer was prepared to be used in the transfection. 
Stock solutions of oligomers were at 100 uM in 20 mM HEPES, pH 7.5. 
10X concentration of oligomer was 0.25 uM. 

To prepare the 10X solutions, dilute 2.5 ul of oligomer per 1 ml of Opti-MEM. 
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c. Equal volumes of the IOX lipofectamine 2000 stock and the 10X oligomer solutions 
were mixed well, and incubated for 15 minutes at RT to allow complexation of the 
oligomer and lipid. The resulting mixture was 5X. 

d. After the 15 minute complexation, 4 volumes of full growth media was added to the 
oligomerflipid complexes (solution was IX). 

e. The media was aspirated from the cells, and 0.5 ml of the IX oligomer/lipid 
complexes added to each well 

f. The cells were incubated for 16-24 hours at 31 C in a humidified C0 2 incubator. 

g. Cell pellets were harvested for RNA isolation and TaqMan analysis of downstream 
marker genes. 

TaqMan Reactions 

Quantitative RT-PCR analysis was performed on total RNA preps that had been treated with 
DNasel or poly A selected RNA. The Dnase treatment may be performed using methods known in 
the art, though preferably using a Qiagen Rneasy kit to purify the RNA samples, wherein DNAse I 
treatment is performed on the column. 

Briefly, a master mix of reagents was prepared according to the following table: 

Dnase I Treatment 



Reagent Perr'xn Cm\\D 

lOx Buffer 2.5 

Dnase I ( 1 unit/ul @ 1 unit per tig 2 
sample) 

DEPC H 2 0 0,5 

RNA sample @ 0. 1 ug/ul 20 

(2-3 ug total) 

Total 25 



Next, 5 ul of master mix was aliquoted per well of a 96-well PCR reaction plate (PE part # 
N801-0560). RNA samples were adjusted to 0.1 ug/ul with DEPC treated H 2 0 (if necessary), and 20 
ul was added to the aliquoted master mix for a final reaction volume of 25 uL 

The wells were capped using strip well caps (PE part # N801-0935), placed in a plate, and 
briefly spun in a centrifuge to collect all volume in the bottom of the tubes. Generally, a short spin 
up to 500rpm in a Sorvall RT is sufficient 
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The plates were incubated at 37*C for 30 mins. Then, an equal volume of O.lmM EDTA in 
lOmM Tris was added to each well, and heat inactivated at 70°C for 5 min. The plates were stored at 
-80°C upon completion, 

RT reaction 

A master mix of reagents was prepared according to the following table: 
RT reaction 

RT NoRT 

Reagent PerRx'nfln nn PerRx'nfin uD 

lOxRT buffer 5 2.5 

MgCl 2 li 5.5 

DNTP mixture 10 5 

Random Hexamers 2.5 1,25 

Rnase inhibitors L25 • 0.625 

RT enzyme L25 

Total RNA 500ng (lOOng 19.0 max 10.125 max 

JioRT) 

DEPCH 2 0 

Total 50uL 25uL 

Samples were adjusted to a concentration so that 500ng of RNA was added to each RT tx'n 
(lOOng for the no RT). A maximum of 19 ul can be added to the RT rx'n mixture (10.125 ul for the 
no RT.) Any remaining volume up to the maximum values was filled with DEPC treated H 2 0, so 
that the total reaction volume was 50 ul (RT) or 25 ul (no RT), 

On a 96-well PCR reaction plate (PE part # N801-0560), 37,5 ul of master mix was aliquoted 
(22.5 ul of no RT master mix), and the RNA sample added for a total reaction volume of 50ul (25 ul, 
no RT), Control samples were loaded into two or even three different wells in order to have enough 
template for generation of a standard curve. 

The wells were capped using strip well caps (PE part # N801-0935), placed in a plate, and 
spin briefly in a centrifuge to collect all volume in the bottom of the tubes. Generally, a short spin up 
to 500rpm in a Sorvall RT is sufficient 
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For the RT-PCR reaction, the following thermal profile was used: 

• 25°Cfor lOmin 

• 48°Cfor30min 

• 95*Cfor5min 

• 4°C hold (fori hour) 

• Store plate @-20°C or lower upon completion. 

TaqMan reaction (Template comes from RT plate.) 

A master mix was prepared according to the following table: 

TaqMan reaction (per well) 

Reagent PerRx'n (mvl) 

TaqMan Master Mix 4.17 

100 uM Probe ,025 

(SEQID 

NO;186) 

100 uM Forward .05 
primer (SEQ 
ID NO: 184) 

100 uM Reverse .05 
primer (SEQ 
ID NO: 185) 
Template 

DEPCH 2 0 18.21 
Total 22.5 



The primers used for the RT-PCR reaction is as follows: 
Cyclin D primer and probes: 

Forward Primer: ACTACCGCCTCACACGCTTC (SEQ ID NO:184) 

Reverse Primer (HTGACTCCAGCAGGGCTTC (SEQ ID NO: 185) 

TaqMan Probe: ATCAAGTGTGACCCAGACTGCCTCCG (SEQ ID NO:186) 
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Using a Gilson P-10 repeat pipetter, 22.5 ul of master mix was aliquouted per well of a 96- 
well optical plate. Then, using P-10 pipetter, 2.5 ul of sample was added to individual wells. 
Generally, RT samples are run in triplicate with each primer/probe set used, and no RT samples are 
run once and only with one primer/probe set, often gapdh (or other internal control). 

A standard curve is then constructed and loaded onto the plate. The curve has five points plus 
one no template control (NTC, =DEPC treated H2O). The curve was made with a high point of 50 ng 
of sample (twice the amount of RNA in unknowns), and successive samples of 25, 10, 5, and 1 ng. 
The curve was made from a control sample(s) (see above). 

The wells were capped using optical strip well caps (PE part # N80 1-0935), placed in a plate, 
and spun in a centrifuge to collect all volume in the bottom of the tubes. Generally, a short spin up to 
500rpm in a Sorvall RT is sufficient. 

Plates were loaded onto a PE 5700 sequence detector making sure the plate is aligned 
properly with the notch in the upper right hand corner. The lid was tightened down and run using the 
5700 and 5700 quantitation programes and the SYBR probe using the following thermal profile: 

• 50°Cfor2min 

• 95°C for 10 min 

• and the following for 40 cycles: 

• 95°C for 15 sec 

• 60°C for 1 min 

• Change the reaction volume to 25ul. 

Once the reaction was complete, a manual threshold of around 0.1 was set to minimis the 
background signal. Additional information relative to operation of the GeneAmp 5700 machine may 
be found in reference to the following manuals: "GeneAmp 5700 Sequence Detection System 
Operator Training CD"; and the "User's Manual for 5700 Sequence Detection System"; available 
from Perkin-EIraer and hereby incorporated by reference herein in their entirety. 

Cyclin Dl is a critical regulator of the process of cell division. It has been identified as an 
early modulator of the Gl phase of the cell cycle, and cyclin Dl expression increases as cells enter 
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that phase of the cell cycle. It has long been thought that an ability to pharmacologically block 
cancerous cells in any part of the cell cycle will have a negative impact on the tumor and be 
beneficial for managing the disease. Support for this rationale comes from the observation that 
effective drugs such as Taxol block the cell cycle in G2 phase. Importantly, the rapidly dividing 
cells found in the cancerous state require abundant levels of cyclin Dl to maintain an accelerated 
rate of proliferation and proceed to S-phase. Most notably, overexpression of cyclinDl is a hallmark 
Of several types of human rumors, especially breast tumors (J Mammary Gland Biol Neoplasia 1996 
Apr;l(2):153-62). As such, it is thought that drugs that affect cyclin Dl, directly or indirectly, would 
block cancer cells from dividing and have a beneficial effect for patients. Such drug targets could lie 
within the signal transduction pathway between the oncogene ras and the nucleus, where cell cycle 
modulators control DNA synthesis (J. Biol Chem 2000, Oct 20;275 (42):32649-57). Even more 
evidence exists suggesting that the Wnt pathway, mediated by the tumor suppressor betacatenin, 
regulates the cell cycle via transcriptional control of cyclinDl (Oncogene 2001 Aug 23;20(37):5093.- 
9: PNAS 2000 April ;97(8):4262-6). Thus targets influencing beta catenin/TCF4 function could also 
affect cyclin Dl transcript levels. As mutations in oncogenes such as ras, and tumor suppressors 
such as beta catenin are common to may cancers, it is obvious that cyclinDl levels are indicative of 
the condition of the cell and its preparedness to proliferate, and affecting cyclinDl levels and activity 
could be achieved by numerous mechanisms embodied in multiple pathways . 

Anlisense inhibition of the HPP_BMY2 phosphatase levels provokes a response in A549 
cells that indicates the regulatory pathways controlling cydlinDl levels are affected. This implicates 
HPP_BMY2 in pathways important for maintenance of the proliferative state and progression 
through the cell cycle, As stated above, there are numerous pathways that could have either indirect 
or direct affects on the transcriptional levels of cyclin Dl. Importantly, a major part of the pathways 
implicated involve the regulation of protein activity through phosphorylation. Li as much as 
HPP_BMY2 is a phosphatase enzyme, it is readily conceivable that dephosphoryiation of proteins, 
the counter activity to the kinases in the signal Uansduction cascades, contributes to the signals 
determining cell cycle regulation and proliferation, including regulating cyclin Dl levels. 
Additionally, the complexity of the interactions between proteins in the pathways described also 
allow for affects on the pathway eliciting compensatory responses. That is, inhibition of one pathway 
affecting cyclinDl activity could provoke a more potent response and signal from another pathway 
of the same end, resulting in upregulation of cyclin Dl. Thus, the effect of inhibition of HPP_BMY2 

-115- 



PAGE 122/140 » RCVD AT 5/31/2005 4:30:37 PM (Eastern Daylight Time] * SVR:USPT0-EFXRF-1/11 * DNlS:8725308 « CSID:6092524526 * DURATION (mm-ss):45-24 



MAY. 31. 2005 5:1 1 PM 



BMS PATENT DEPT 



NO. 3153 P. 123/140 
CASE D0072 NP 



resulting in slight increases in cyclin Dl levels could indicate that one pathway important to cancer 
is effected in a way to implicate HPP_BMY2 as a potential target for pharmacologic inhibition for 
cancer treatment, yet a parallel pathway in the context of the experiment would replace HPP_BMY2 
and propagate dysregulation of Cyclin Dl . 

Exnmplo 57 E xample 61 - Method of Creating RET31 and Truncated RET31 Fusion Protein 
Constructs And Methods of Expression and Purification Of The Same. 

The GST fusion proteins were designed to contain the full-length RET31 protein sequence 
(SEQ ID NO: 109), as well as a C-terminal deletion mutant Of the RET31 protein sequence 
corresponding to amino acids Ml to T302 of SEQ ID NO: 109 which was truncated after the 
phosphatase homology domain ending at about amino acid residue 297 of SEQ ID NO: 109. 

In order to generate the RET31 fusion proteins, three PCR primers were designed and 
received from Life Technologies (Gaithersburg, MD). The oligos were: 

QliRO dumber Name .Sequence 

S5972B08 RET31fbr 5^ATATGOGATCCATGGCCCATGAGATTC (SJEQ ID N0;187) 

S5972B09 RET31*v S '-GGTACX^CTCGAGK^GGAGACCTCAATOAT (SEQ ID NO:i88) 

S6311A0I RET31iev2-2 5' -GOT ACCCTCGAGTCAAGTCTGGI 1C 11 AAT (SEQ ID NO:189) 

Clones containing the original gene sequence of the full-length RET 31 polynucleotide (SEQ 
ID NO: 108) were used as a template for the subsequent PCR. The clone was linearized using a 
restriction enzyme prior to PCR. PCR was performed using random hexamers and the Expand High 
Fidelity PCR System (ROCHE). Amplification was achieved using RET31 forward primer (SEQ ID 
NO:187) paired with either RET31 Rev (SEQ ID NO:188) or Rev2-2 (SEQ ID NO:189), for the full- . 
length cDNA or truncated cDNA respectively. The thermocycler settings were 94°C for 30 sec, 
55°C for 30 sec and 72°C for 60 seconds for 25 cycles. The amplimers were gel purified by the 
QIAgen Extraction kit (QIAgen, Valencia, CA) and ligated, using T4 DNA ligase, into the pGEX 
4T3 Vector (Amersham Pharmacia Biotech) and sequenced using standard methods. 

Appropriate clones were chosen based upon the sequencing data, and were used for 
subsequent steps. Protein expression was induced with O.lmM IPTG over a 5-hour period. The 
fusion protein was isolated following the methods outlined in Ausubel, et al., 1992, Short Protocols 
in Molecular Biology, John Wiley and Sons, Inc., pp.16-28 to 16-31., using GST beads (Pierce) and 
reduced Glutathione (Sigma). The predicted proteins were approximately lOOkD for the full-length 
protein and 60 kD for the truncated protein. To confirm that GST fusion protein was present, the 
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proteins, along with appropriate markers, were run on a 4-12% NuPage BIS TRIS Gel with Mops 
buffer and transfeired to a PVD membrane at 4°C The membrane was blocked with 5% nonfat dry 
milk in TBS, and probed with a rabbit anti-GST antibody (developed in house), A goat anti-rabbit 
conjugated to HRP secondary antibody (Biorad) was used and the blot was developed with ECL 
reagent (Amersham Pharmacia Biotech) - data not shown. 

feafflrfe^Exarople 62 - Method of Assaying the Phosphatase Activity Of The RET31 
Polypeptide. 

The phosphatase activity for the full-length RET31 and the Ml to T302 C-tenninal RET31 
GST fusion proteins were measured by assaying the ability of the proteins to hydrolyze para- 
nitrophenylphosphate, a compound known to be a substrate for phosphatases, as described in Krejsa, 
C. et al, J. Biol. Chem.. Vol. 272, p.l 1541-1 1549, 1997 (which is hereby incoiporated in its entirety 
herein). The proteins are incubated with para-nitrophenylphosphate in a solution containing 10 mM 
imidazole, pH 7.0, 1 mM EDTA, 2 mM dithiothreitol, and 5 ^g/ml BSA for 2 hours with and 
without sodium orthovanadate (Fisher) prepared in distilled water. The progress of the phosphatase 
reaction in a 96-well format was monitored by the OD405 nm on a plate reader (Molecular Devices) 
at 10-minute intervals in the kinetic mode. 

The RET31-GST full length (FL), Ml to T302 C-terminal RET31-GST (trunc), or GST alone 
were purified and assayed for cleavage of para-nitrophenylphosphate (pNPP). The bars represent the 
average of triplicate determinations, and the standard deviations are as shown. Each protein 
preparation was assayed in the absence and presence of 2 mM of the phosphatase inhibitor 
orthovanadate. The full length and truncated versions clearly demonstrated activity compared to the 
GST protein as shown in Figure 36. In addition, the full length and truncated protein phosphatase 
activity was blocked by the phosphatase inhibitor vanadate, as shown. 

Of particular significance is the unexpected five fold increase in phosphatase activity of the 
Ml to T302 C-terminal RET31-GST (trunc) fusion protein relative to the RET31-GST full length 
(FL) fusion protein. 

While the described phosphatase assay elucidated the phosphatase activity of the full-length 
RET31 (SEQ ID NO; 109) and Ml to T302 RET31 C-teiminal deletion mutant (amino acids 1 to 302 
of SEQ ID NO: 109), subsequent sequencing of the RET31-GST lull length (FL) and Ml to T302 C- 
terminal RET31-GST (trunc) fusion protein constructs determined that several amino acid mutations 
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were unintentionally introduced during their construction. The sequences of the RET31 portions of 
both fusion proteins are provided below. Since the location of these mutations are not within the 
conserved phosphatase domain nor near any active site residues, it is not believed they would have 
any effect on the phosphatase activity of either construct. Rather, the observed phosphatase activity 
is believed to be representative of the wild type RET31 polypeptide sequence (SEQ ID NO: 109) for 
the RET31-GST full length (FL), while the observed phosphatase activity of the Ml to T302 C- 
terminal RET31-GST (trunc) fusion protein is believed to be representative of the wild type Ml to 
T302 C-terminal RET31 C-terminal deletion (amino acids Ml to T302 of SEQ ID NO:109). One 
skilled in the art of molecular biology could easily correct the mutations of both constructs using 
known methods in conjunction with the infoimation and teachings described herein. Nonetheless, the 
polypeptide sequences of the RET31 portion of both fusion proteins are encompassed by the present 
invention. 

. In preferred embodiments, the following RET31 polypeptide is encompassed by the present 
invention: 

MAHElGTQIVTERLVAIJLESGTEKVlXro 

TELIQHSAKHKVDroCSQK^WYDQSSQDVASl^SDCFLTvlXGKLEKSFNSVTILLAGGFAE 

FSRCFPGLCEGKSTl.VPiriSQPCLPVAMGPTRILPNLYl^CQRDVLNKELMQQNGIGYVLN 
ASOTCPKPDFIPESHFLRVPVNDSFCEK^ 

AIAYIMKRMDMSLDEAYRFVKEKRPTISPSF 

EKPNEPVPAVSEGGQKSETPLSPPCADSATSEAAGQRPVHPASVPSVPSVQPSLLEDSPLVQA 
LSGlJil£ADRLEDSNKLKRSFS.LDIKSVSYSASM 

LCQFSPVQEI^EQTPETSPDKEEASIPKKLQTARPSDSQSKRIJHSWTSSSGTAQRSIXSPLTO 
SGSVEDNYHTSFIJGLSTSQQHLTKSAGI^LK^^ 

ASAIYCKJSASYSAYSRSQIPTCGDQVYSVRRRQKPSDRADSRRS^^ 
MEFGESIMSENRSREELGKVGSQSSFSGSMEIIEVS (SEQ ID NO:190). Polynucleotides 
encoding this polypeptide are also provided. 

In preferred embodiments, the following Ml to T302 RET3J polypeptide is encompassed by 
the present invention: 
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MAHEIVGTQIVTERLVAIXE^ 

HSAKHKVD1DCSQKVVVTO 

GKSTIMPTCISQPCLPVA^ 

L^VPVNDSFCEKILPWIJ^KSVDFIEKAKASNGCVLV^^ 

KEKRPTISPSFNFLGQLLDYEKKIKNQT (SEQ ID NO:191). Polynucleotides encoding this 
polypeptide are also provided. 

The present invention encompasses the application of this phosphatase activity assay to the 
other phosphatases of the present invention. 

Example 5 8 E xamp1e 63 - Method Of Assessing The Expression Profile Of The RET31 
Phosphatase Polypeptides Of The Present Invention At The Level Of The Protein Using 
Immunohistochemistry 

Peptide Selection and Antibody Production 

The sequence for the RFT31 polypeptide (SEQ ID NO: 109) was analyzed by the algorithm 
of Hopp and Woods to determine potential peptides for synthesis and antibody production. The 
peptides were then BLASTed against the SWISS-PROT database to determine the uniqueness of the 
identified peptide and to help predict the specificity of the resulting antibodies. Hie following 
RET31 polypeptide fragments were selected according to the methods above for peptide synthesis: 
KNQTGASGPKSKKLKLLHLE (SEQ ID NO: 192); and CKKLQTARPSDSQSKRLHS (SEQ ID 
NO: 193). Rabbit polyclonal antisera was generated for both synthesized RET31 peptides. In order to 
allow for peptide conjugation to the carrier protein, a cysteine residue was added to the N-terminus 
of the SEQ ID NO: 193 peptide. The third bleeds were subjected to peptide affinity purification, and 
the resulting antisera were then used as primary antibodies in immunohistochemistry experiments. 
The antisera for the SEQ ID NO: 192 peptide was labeled RET3 1 antibody 299, while the antisera for 
the SEQ ID NO:193 peptide was labeled RET31 antibody 469 antibody. 

Antibody Titration Protocol and Positive Control Study Results 

Antibody titration experiments were conducted with RET31 antibodies 299 and 469 (both 
rabbit polyclonals) to establish concentrations that would result in minimal background and maximal 
detection of signal. Serial dilutions were performed at 1:50. 1:100, 1:250, 1:500, and 1:1000, The 
serial dilution study demonstrated the highest signal-to-noise ratios at dilutions 1:250 and 1:400, on 

paraffin-embedded, formalin-fixed tissues for both antibodies. These concentrations were used for 
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the study. RET31 antibodies 299 and 469 were used as primaiy antibodies, and the principal 
detection system consisted of a Vector anti-rabbit secondary (BA-IOOO; DAKO Corp.), a Vector 
ABC-AP Kit (AK-5000; DAKO Corp.) with a Vector Red substrate kit (SK-5100; DAKO Corp.), 
which was used to produce a fuchsia-colored deposit. Tissues were also stained with a positive 
control antibody (CD31) to ensure that the tissue antigens were preserved and accessible for 
immunohistochemical analysis. Only tissues that stained positive for CD31 were chosen for the 
remainder of the study. The negative control consisted of performing the entire 
immunohistochemistry procedure on adjacent sections in the absence of primary antibody. Slides 
were imaged using a DVC 13 IOC digital camera coupled to a Nikon microscope. Images were stored 
as TIFF files using Adobe PhotoShop. 

Immunohistochfgnistry Procedure 

Slides containing paraffin sections (Lifespan Biosciences, Inc.; Seattle, WA) were 
deparaffinized through xylene and alcohol, rehydiated, and then subjected to the steam method of 
target retrieval (#S1700; DAKO Corp.; Caipenteria, CA). Immunohistochemical assay techniques 
are commonly known in the art and are described briefly herein. Immunocytochemical (ICC) 
experiments were performed on a DAKO autostainer following the procedures and reagents 
developed by DAKO. Specifically, the slides were blocked with avidin, rinsed, blocked with biotin, 
rinsed, protein blocked with DAKO universal protein block, machine blown dry, primary antibody, 
incubated, and the slides rinsed. Biotinylated secondary antibody was applied using the 
manufacturer's instructions (1 drop/10 ml, or approximately 0,75 Jig/mL), incubated, rinsed slides, 
and applied Vectastain ABC-AP reagent for 30 minutes. Vector Red was used as substrate and 
prepared according to the manufacturer's instructions just prior to use. 

lmmunohistochemistry Results 

The immunohistochemistry results were consistent with the Northern Blot and RT-PCR 
expression profiles described elsewhere herein for the RET31 polypeptide. Specifically, moderate to 
strong staining was observed in normal respiratory epithelial cell bodies and cilia. Types I and II 
pneumocytes were also moderately positive, as were neutrophils, mast cells, and macrophages in 
normal lung. In asthmatic patients, respiratory epithelial cell bodies stained less intensely, but cilia 
continued to stain strongly. Pneumocytes also stained less intensely than normal tissue, 
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Inflammatory cell staining did not differ from normal tissue. Bronchial smooth muscle stained 
faintly in normal and asthmatic lungs. Cytoplasmic, diffuse nucleoplasm^, and nucleolar staining 
was observed in several cell types, including vascular endothelial and respiratory epithelial cells. 

Moderate to strong staining was seen in chondrocytes and rimming osteoblasts in 
degenerative arthritis. In contrast, osteocytes were negative, as was the osteoid matrix. Hematopoetic 
tissue showed strongly positive cytoplasm and nucleus in myeloid series ceJJs at all stages of 
maturation. Megakaryocyte and erythroid cells were negative. 

Schwann cells and vascular endothelial cells were moderately to strongly positive in normal 
colon, in contrast to epithelial cells and ganglion cells, which were negative. Inflammatory cells, 
such as neutrophils, eosinophils, macrophages, and mast wells were strongly positive. Plasma cells 
showed blush to faint staining. Lymphocytes in normal colon showed strong punctate nuclear and 
nucleolar staining. In contrast to normal colon, the colon sections with ulcerative colitis showed less 
prominent nucleolar staining in lymphocytes. Neuroendocrine cells in the epithelium were faintly 
positive. 

Normal lung showed strong cilial staining in the respiratory epithelial cells, with only blush, 
diffuse, nuclear staining in the cell body of these cells. Pneumocytes were faintly to moderately 
positive, as were alveolar macrophages and vascular endothelium. Asthmatic lungs continued to 
show strong cilial staining, but showed blush positivity in normal lung, and were predominately 
negative in diseased- lung. Pneumocyte staining varied from blush to moderately positive in 
asthmatic lungs. Pneumocyte staining was unchanged from normal lung. Inflammatory cell staining 
was similar to normal tissue. 

Moderate staining was seen in the stratum granulosum in normal skin, whereas the other 
layers were negative or showed blush positivity. Melanocytes were moderately to strongly positive, 
as were hair follicles and eccrine and sebaceous glands. Skin with psoriasis showed strong staining 
in the stratum granulosum, increased from normal skin. In contrast to normal skin, melanocytes in 
skin were negative. In the psoriasisform dermatitis sample, the staining pattern was similar to that 
observed in normal skin. 

In synovium, the reactive synoviocytes in one sample of rheumatoid arthritis were faintly to 
moderately positive, in contrast to normal synoviocytes, which were negative or showed blush 
staining. In the second sample of rheumatoid arthritis, the difference in synoviocyte staining was 
smaller than in the first sample. 
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Interesting observations in this study included the very prominent staining of the nucleolus of 
lymphocytes and other cell types. In inflammatory bowel disease, the lymphocytes did not show 
nucleolar staining as prominateiy as in normal colon. Skin with psorisis had very prominent staining 
of the stratum granulosum, in comparison to normal skin or to the psoriasiform dermatitis sample. 

The present invention encompasses the application of this phosphatase activity assay to the 
other phosphatases of the present invention. 

Example 5j )E xarople 64 - Method Of Assessing The Expression Profile Of The Novel 
Phosphatases of Polypeptides Of The Present Invention Using Expanded mRNA Tissue and 
Cell Sources 

Total RNA from tissues was isolated using the TriZol protocol (Invitiogen) and quantified by 
determining its absorbance at 260nM. An assessment of the 18s and 28s ribosomal RNA bands was 
made by denaturing gel electrophoresis to determine RNA integrity. 

The specific sequence to be measured was aligned with related genes found in GenBank to 
identity regions of significant sequence divergence to maximize primer and probe specificity. Gene- 
specific primers and probes were designed using the ABI primer express software to amplify small 
amplicons (150 base pairs or less) to maximize the likelihood that the primers function at 100% 
efficiency. AH primer/probe sequences were searched against Public Genbank databases to ensure 
target specificity. Primers and probes were obtained from ABL 

For BMYJHPP1, the primer probe sequences were as follows 

Forward Primer 5 5 -TCAGAGAATGGGCCAAC AAGA-3 ' (SEQ ID NO:194) 
Reverse Primer 5 ' -CGAAAACGCTCGAGGAATG A-3 ' (SEQ ID NO:195) 
TaqMan Probe5 ? ^AGGCCTAGGTTCCTCCTCTCGGAAA-3* (SEQ ID NO: 196) 

For BMYJHPP2, the primer probe sequences were as follows 

Forward Primer 5 * -TCAGAGAATGGGCCA AC AAG A-3 * (SEQ ID NO: 197) 
Reverse Primer 5 ' -CGAAAACGCTCGAGGAATGA-3 ' (SEQ ID NO: 198) 
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TaqMan Probe5* -CA.GGCCTAGGTTCCTCCTCTCGGAAA-3' (SEQ ID NO:199) 



For BMY_HPP4, the primer probe sequences were as follows 

Forward Primer 5 , -TCAGAGAATGGGCCAACAAGA-3 , (SEQ ID NO:200) 
Reverse Primer 5 '-CGAAAACGCTCGAGGAATGA-3 ' (SEQ ID NO:201) 
TaqMan Probe5' -CAGGCCTAGGTTCCTCCTCTCGGAAA-3' (SEQ ID NO:202) 



For BMY_HPP5 (RET31), the primer probe sequences were as follows 

Forward Primer 5'-TCAGAGAATGGGCCAACAAGA-3' (SEQ ID NO:203) 
Reverse Primer 5 ' -CGAAAACGCTCGAGGAATGA-3 ' (SEQ ID NO:204) 
TaqMan Probe5' -CAGGCCT AGGTTCCTCCTCTCGGAAA-3 ' (SEQ ID NO.205) 

The same BMY_HPP5 primer probe sequences hybridize to the RET31 mRNA sequences as 
well. Therefore, the expression profiling for BMYJHPP5 is also representative of the RET3I 
expression profile as well. 

DNA contamination 

To access the level of contaminating genomic DNA in the RNA, the RNA was divided into 2 
aliquots and one half was treated with Rnasc-free Dnase (Invitrogen), Samples from both the Dnase- 
treated and non-treated were then subjected to reverse transcription reactions with (RT+) and 
without (RT-) the presence of reverse transcriptase. TaqMan assays were carried out with gene- 
specific primers (see above) and the contribution of genomic DNA to the signal detected was 
evaluated by comparing the threshold cycles obtained with the RT+/RT- non-Dnase treated RNA to 
that on the RT+/RT- Dnase treated RNA. The amount of signal contributed by genomic DNA in the 
Dnased RT- RNA must be less that 10% of that obtained with Dnased RT+ RNA, If not the RNA 
was not used in actual experiments. 
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Reverse Transcription reaction and Sequence Detection 

lOOng of Dnase-treated total RNA was annealed to 2.5 of the respective gene-specific 
reverse primer in the presence of 5.5 mM Magnesium Chloride by heating the sample to 72*C for 2 
min and then cooling to 55° C for 30 min. 1.25 U/|il of MuLv reverse transcriptase and 500jjM of 
each dNTP was added to the reaction and the tube was incubated at 37° C for 30 min. The sample 
was then heated to 90°C for 5 min to denature enzyme. 

Quantitative sequence detection was carried out on an ABI PRISM 7700 by adding to the 
reverse transcribed reaction 2_5(oM forward and reverse primers, 500nM of each dNTP, buffer and 
5U ArapliTaq Gold™. The PGR reaction was then held at 94°C for 12 min, followed by 40 cycles of 
94° C for 15 sec and 60° C for 30 sec. 

Data handling 

The threshold cycle (Ct) of the lowest expressing tissue (the highest Ct value) was used as 
the baseline of expression and all other tissues were expressed as the relative abundance to that 
tissue by calculating the difference in Ct value between the baseline and the other tissues and using it 
as the exponent in 2 (ACt> 

mRNA levels were assayed in samples from three individual donors for each tissue for each 
human phosphatase polypeptide. Values presented represent the average abundance of each human 
phosphatase polypeptide for each tissue divided by the average abundance of said polypeptide in the 
tissue with the lowest level of expression. For example, the lowest expression level detected for each 
polypeptide is as follows: BMY_HPP1 = blood mononuclear cells; BMYJHPP2 = umbilical cord; 
BMY_HPP4 = blood mononuclear cells; and BMY_HPP5 (RET3 1) = umbilical cord The 
expanded expression profile of BMY_HPP1, BMY_HPP2, BMY_HPP4, and BMY_HPP5 (RET31), 
are provided in Figures 26, 30, 34, and 35 and are described elsewhere herein. 

It will be clear that the invention may be practiced otherwise than as particularly described in 
the foregoing description and examples. Numerous modifications and variations of the present 
invention are possible in light of the above teachings and, therefore, are within the scope of the 
appended claims. 

The entire disclosure of each document cited (including patents, patent applications, journal 
articles, abstracts, laboratory manuals, books, or other disclosures) in the Background of the 
Invention, Detailed Description, and Examples is hereby incorporated herein by reference. Further, 
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the hard copy of the sequence listing submitted herewith and the corresponding computer readable 
form are both incorporated herein by reference in their entireties.-- 
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